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Description

The HD66789 handles 262,144 TFT colors and can drive a TFT color liquid crystal display of 176 RGB x
240 dots with an incorporated RAM compliant to graphics display of 176 RGB x 240 dots at maximum,
and a 528-channel source driver outputs. The HD66789 incorporates a gate driver and a power circuit for
driving liquid crystal display to drivea TFT panel with asingle chip.

The HD66789' s bit-operation functions, 8/9/16/18-bit high-speed bus interface, and high-speed RAM-write
functions enable efficient transfer of data and high-speed data update on a graphics RAM. The HD66789's
6/16/18-bit RGB interface (VSYNC, HSYNC, DOTCLK, ENABLE, and PD 17 to 0) and VSYNC
interface (system interface + VSYNC) provide an interface for moving picture display. With awindow
address function that facilitates the moving picture display in an arbitrary area and enables simultaneous
display of moving pictures and the contents of the internal RAM, the HD66789 enables moving picture
display not constrained by the still picture area. Accordingly, the data transmission is reduced to minimum,
thereby saving power consumed by a system as a whole when displaying moving pictures.

The HD66789 supports power-saving operation up to the power supply voltage of 2.4V with a voltage
follower circuit that generate voltage to drive liquid crystal. The HD66789 also incorporates 8-color
display and standby functions that allow precise power control by software. These features make this LSI
the ideal solution for any medium or small-sized portable battery-driven products such as digital cellular
phones supporting WWW browsers or small PDA, where long battery life and board size are mgjor concern.
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Features

Liquid crystal controller/driver for 262,144 TFT-color 176RGB x 240-dot graphics display
Single chip solution for a TFT display panel
System interface

8-/9-/16-/18-bit high-speed bus interface
Serial Periphera Interface (SPI)
8-bit transmission x 3 times (262k/65k color modes)

Interface for moving picture display

6-/16-/18-bit RGB interface (VSYNC, HSYNC, DOTCLK, ENABLE, PD17-0)
VSYNC interface (System interface + VSYNC)

High-speed burst RAM write function
Window address function to write data to the rectangular area of RAM specified by the window

address

Interface to facilitate moving picture display in an arbitrary area
Reduce data transmission by transmitting only the data for the moving picture display area
Simultaneous display of moving pictures and the contents of the internal RAM

Bit unit operations for processing graphics

Write data mask function by bit

Functions for controlling abundant color displays

Simultaneous availability of 262,144 colors with y-correction function
Line-unit vertical scrolling

e  Low-power architecture: features for low-power operation

Vee =24~ 3.3V (interna logic power supply)

IOVce = 1.8 ~3.3V (interface I/O power supply)

Vci =25~ 3.3V (analogue power supply)

DDVDH =4.5~5.5V (liquid-crystal drive voltage)

Power saving function (standby mode etc.)

Partial liquid crystal drive to display two screens at arbitrary positions

Voltage followers for liquid crystal drive power circuit to fend off the direct current from bleeder-
resistors

e  Step-up circuit generating liquid crystal drive voltage up to 6-time scale
e 95040-byte interna RAM
e Incorporated liquid crystal display driver with 582 source outputs and 240 gate outputs

e  n-raster-row liquid crystal AC drive, enabling polarity inversion by every arbitrary number of raster-
rows

. Internal oscillation and hardware reset
e  Reversible direction of signals between RAM and source driver
. Exclusive for Cst structure
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Block Diagram
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Pin Functions

Signals Number | I/O Connected | Functions
of Pins to
IM3~1, IMO/ID 4 | GND or Pins to select interfacing mode with MPU.
I0vee M3 IM2 IM1  IMO/ID  MPU-Interface DB Pin
Mode
GND GND GND GND Setting disabled _
GND GND GND I0Vce Setting disabled _
GND GND 10vece  GND 80-system 16-bit DB17~10,
interface DB8~1
GND GND I0vVec  lovee 80-system 8-bit DB17 ~10
interface
GND 10vecc GND ID Serial Peripheral DB1~0
Interface (SPI)
GND I10vee IOvee  * Setting disabled
Iovec GND GND GND Setting disabled
Iovcc GND  GND  10Vee Setting disabled
Iovecc GND  I1ovec  GND 80-system 18-bit DB17~0
interface
Iovecc GND  10vVee  lovee 80-system 9-bit DB17~9
interface
lOvee  lOVee * * Setting disabled
When Serial Peripheral Interface is selected, IMO pin is used for
the device code ID setting.
Cs* 1 | MPU Select the HD66789.
Low: the HD6678 is selected and accessible
High: the HD66789 is not selected and not accessible
Must be fixed to the GND level while not used.
VLD 1 MPU Indicate whether the data is valid or not during RAM write.

Low: Valid (Write data to RAM)

High: Invalid (Not write data to RAM)

RAM address will be updated irrespective of VLD.

Must be fixed to the GND level while not used.

This signal is available when external display interface is used.

Cs VLD RAM Write RAM Address
0 0 Valid Updated

0 1 Invalid Updated

1 * Invalid Hold
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Signals

Number
of Pins

I/10

Connected
to

Functions

RS

1

MPU

Select register.
Low: Index/status, High: Control
Fix to the “IOVcc” or “GND” level while using SPI.

WR*/SCL

MPU

In 80-system bus interface mode, serves as a write strobe signal.
Data are written at “Low” level.

In Serial Peripheral Interface mode, serves as synchronizing
clock signal.

RD*

MPU

In 80-system bus interface mode, serves as read-strobe signal.
Data are read at the low level of the signal.

Fix to the “IOVcc” or “GND” level while using SPI.

DBO/SDI

I/10

MPU

18-bit parallel bi-directional data bus.

8-bit bus: DB17-DB10

9-bit bus: DB17-DB9

16-bit bus: DB17-DB10 and DB8-DB1

18-bit bus: DB17-DB0

Unused pins must be fixed to the IOVcc or GND level.

Serves as serial data input pin (SDI) in Serial Peripheral
Interface mode, where data are input on the rising edge of SCL
signal.

DB1/SDO

I/10

MPU

18-bit parallel bi-directional data bus.

8-bit bus: DB17-DB10

9-bit bus: DB17-DB9

16-bit bus: DB17-DB10 and DB8-DB1

18-bit bus: DB17-DB0O

Unused pins must be fixed to the IOVcc or GND level.

Serves as serial data output pin (SDO) in Serial Peripheral
Interface mode, where data are output on the falling edge of the
SCL signal.

DB2~DB17

16

/0

MPU

18-bit parallel bi-directional data bus.
8-bit bus: DB17-DB10

9-bit bus: DB17-DB9

16-bit bus: DB17-DB10 and DB8-DB1
18-bit bus: DB17-DB0

Unused pins must be fixed to the IOVcc or GND level.

ENABLE

MPU

Indicate whether RAM data are valid or not when RGB interface
is used.

Low: Selected (access enabled)

High: Not selected (access disabled)

Must be fixed to the IOVcc or GND level when not used.
ENABLE signal invert the polarity according to the setting of EPL
resister.
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Signals Number | I/O Connected | Functions
of Pins to
ENABLE 1 | MPU EPL ENABLE VLD RAM Write RAM Address
0 0 0 Valid Updated
0 0 1 Invalid Updated
0 1 * Invalid Held
1 0 * Invalid Held
1 1 0 Valid Updated
1 1 1 Invalid Updated
VSYNC 1 | MPU Frame synchronizing signal.
This signal is active low.
Must be fixed at the IOVcc level while not used.
HSYNC 1 I MPU Line synchronizing signal.
This signal is active low.
Must be fixed at the IOVcc level while not used.
DOTCLK 1 I MPU Dot-clock signal.
This signal is active low.
The timing of data input is determined at the falling edge of the
signal. Must be fixed at the I0Vcc level while not used.
PDO~PD17 18 | MPU 18-bit bus for RGB data.
6-bit bus: PD17-PD12
16-bit bus: PD17-PD13 and PD11-PD1
18-bit bus: PD17-PDO
Fix unused pins to the I0Vcc or GND level.
RESET* 1 | MPU or Reset pin.
reset circuit | Initializes the LSI at the “Low” level.
Power-on reset required after turning on the power.
S1~S528 528 (0] Liquid Output voltage applied to liquid crystal.
Crystal The shift direction of segment signals is changeable with SS bit.
For example, if SS = 0, RAM address “0000” is output from S1.
If SS =1, it is output from S528.
S1, S4, S7, ... display red (R), S2, S5, S8, ... display green (G),
and S3, S6, S9, ... display blue (B) (SS = 0).
G1~G240 240 (0] Liquid Gate output signals.
Crystal When gate lines are selected, VGH signals are output. When
gate lines are not selected, VGL are output.
Vcom1, Vcom2 2 (0] TFT Power supply for TFT common electrode.
common When Vcom AC drive is not selected, the same level of voltage
electrode

as VcomL level is output. When Vcom AC drive is selected, the
voltage with the amplitude between VcomH and VcomL is
output. The AC frequency can be set by the M signal.

Connect to the TFT common electrode.
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Signals Number | I/O Connected | Functions

of Pins to

VcomR 1 | Variable Reference voltage for VcomH.
resistor or When adjusting VcomH externally, VcomH internal adjusting
open circuit must be halted by register setting and place a variable

resistor between VREG1OUT and GND to make an adjustment.
Otherwise, leave open and adjust VcomH by internal register
setting.

VcomH 1 (0] Stabilizing High level of Vcom during Vcom AC drive. Connect to a
capacitor stabilizing capacitor.

VcomL 1 (@) Stabilizing | Vcom voltage when Vcom AC drive is not selected.
capacitor || o Jevel of Vcom during Vcom AC drive. Voltage can be
or open adjusted with internal registers. Connect to a stabilizing

capacitor. When VCOMG bit is set to LOW, a stabilizing
capacitor is not necessary because VcomL output is halted.

Cl1+, C11- 2 - Step-up Step-up capacitor connection pins for step-up circuit 1. When
capacitor the internal step-up circuit is not used, leave open.

C12+, C12- 6 - Step-up Step-up capacitor connection pins for step-up circuit 2.

C21+, C21- capacitor Capacitor connection will be necessary depending on the step-

' up scale. When the internal step-up circuit is not used, leave

C22+, C22- open.

OSC1, 0SsC2 2 I or O | Resistor for | Connect an external resistor for R-C oscillation. When supplying
the clock signals externally, it must be supplied through OSC1 and
oscillator leave OSC2 open.

FLM 1 (@) MPU or Frame head pulse with amplitude between GND and Vcc.
open Use when writing data to RAM in synchronization with FLM.

When FLM is not used, leave open.

Vci 1 | Power Power supply for analogue circuits.
supply In this case, a power supply for the VciOUT amplifier. Connect

an external power supply of 2.5~3.3V.

VciLVL 1 | Power Generates a reference voltage (VciOUT, REGP) in accordance
supply to the ratio set with VC2~0 registers.

Connect to the same power supply as the Vci, which has
separate wiring from the VciLVL on the FPC.

REGP 1 /0 Test pin Test pin for VREG1OUT. Leave open.

VceiouT 1 I Stabilizing | Internal reference voltage with amplitude between Vci and GND.
capacitor, Set with VC bit.

Vcil

Veil 1 | VcioOUuT Reference voltage for the step-up circuit 1.

Connect to an external power supply of 2.75V or less when the
internal reference voltage is not used.

VLOUT1 1 (0] Stabilizing | Output twice stepped-up Vcil voltage from the step-up circuit 1.
capacitor, Connect to a stabilizing capacitor. VLOUT1 = 4.0~5.5V
DDVDH

DDVDH 1 | VLOUT1 Power supply for source driver liquid crystal output portion. A

reference voltage for the step-up circuit 2.
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Signals Number | I/O Connected | Functions
of Pins to
VLOUT2 1 (0] Stabilizing | Output stepped-up DDVDH voltage, which is stepped up to the
capacitor, level Vcil x 4~6 from the step-up circuit 2. The step-up scale is
VGH determined with BT bits. Connect to a stabilizing capacitor.
VLOUT2 = max 16.5V
VGH 1 | VLOUT2 Power supply for TFT gate drive. Connectto VLOUT2.
VLOUT3 1 (0] Stabilizing | Output stepped-up DDVDH voltage, which is stepped up to the
capacitor, level Vcil x (- 3) ~ (-5) from the step-up circuit 2. The step-up
VGL scale is determined with BT bits. Connect to a stabilizing
capacitor. VLOUT2 = min -16.5V
VGL 1 | VLOUT3 Power supply for TFT gate drive. Connect to VLOUTS3.
VLOUT4 (@) Stabilizing | Output the Vcil x (-1) voltage from the step-up circuit 2.
capacitor, Connect to a stabilizing capacitor. VLOUT4 =0 ~ -3.3V
VCL
VCL 1 | VLOUT4 Power supply for VcomL drive. Connect to VLOUT4.
VREG10UT 1 /O Stabilizing Reference voltage with amplitude between DDVDH and GND,
capacitor which is generated from the reference voltage internally
or power generated with amplitudes between Vci and GND.
supply The scale of the output voltage can be set with VRH bits.
VREG1OUT becomes (1) a source driver grayscale reference
voltage VDH, (2) a VcomH level reference voltage, or (3) a Vcom
amplitude reference voltage. Connect to a stabilizing capacitor.
VREG1OUT = 3.0 ~ (DDVDH - 0.5)V
Vcce 1 - Power Power supply for a logic circuit. Vcc = 2.4~3.3V
supply
I0Vce 1 - Power Power supply for interface pins. 10Vcc = 1.8~3.3V. I0Vcc must
supply be turned on with the same voltage as the internal logic voltage
Vce. When it is assembled on COG, connect to Vcc on the FPC
to avoid effects from the noise when IOVcc is used.
RVce 1 - Power Vcc power supply for RAM. Supply with the same potential as
supply the Vcc.
GND 1 - Power Ground for the logic side. GND =0V
supply
AGND 1 - Power Ground for the analog side. AGND = 0V. When assembled on
supply COG, connect to GND on the FPC to avoid effects from the
noise.
RGND 1 - Power Ground for internal RAM. RGND = 0V. When assembled on
supply COG, connect to GND on the FPC to avoid effects from the
noise.
CGND 1 (0] Opposing GND level output. Available as an opposing GND for external
GND for parts (capacitors, diodes).
external
parts
TEST1 1 | GND Test pin. Fix it to the GND level.
TEST2 1 | GND Test pin. Fix it to the GND level.
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Signals Number | I/O Connected | Functions

of Pins to

VOP, V31P 2 I or O | Stabilizing | Output from internal positive polarity operational amplifier when

capacitor the operational amplifier is ON (SAP2-0 = “001”, “010”, “011",
“1007, and “101"). Stabilize by connecting to a capacitor.

VON, V31N 2 I or O | Stabilizing | Output from internal negative polarity operational amplifier when

capacitor the operational amplifier is ON (SAP2-0 = “001”, “010”, “011",
“1007, and “101"). Stabilize by connecting to a capacitor.

VGS 1 I GND or Reference level for grayscale voltage generation circuit.
extt_arnal Connect to an external resistor when source driver is used to
resistor adjust grayscale levels for each panel.

VTESTS 1 1/0 open Test pin. Leave open.

TSO~TS7 8 O open Test pin. Leave open.

TESTAL 1 1/0 open Test pin for VcomH. Leave open.

TESTA2 1 110 open Test pin for VcomL. Leave open.

TESTA4 1 /0 open Test pin for VcomL. Leave open or connect to a stabilizing

capacitor depending on the display quality.

VMONI (0] open Test pin. Leave open.

I0VccDUM1~4 4 0] Input pin Internal IOVcc level. When neighboring input pins are fixed to

the IOVcc side, short-circuit them.

IOGNDDUM1~7 | 7 0] Input pin Internal GND level. When neighboring input pins are fixed to the

I0Vcc side, short-circuit them.

TESTO1~2 2 - - Dummy pads. Leave open.

DUMMY - - Dummy pad. Leave open.

DUMMYR - - Dummy pad. Leave open.
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Preliminary

PAD arrangement

® Chip size : 22.7mm x 2.80mm (T.B.D.)
Chip thickness : 400um  (typ.)

PAD coordinate : PAD center

® Coordinate origin : Chip center

® Au bump size :

(1) 80um x 80um

Comner dummy

No.1, No220, No.284, No.937

(2) 54umx100um
Input :
No.2 ~ No.219

(3) 31umx77um
Laced LCD output side :
No.285 ~ No.936

(4) 77umx31um
Laced LCD output side :
No.221 ~ No.283
No.938 ~ No.1000

® Aubump pitch : See PAD coordinate
® Au bump height :15um

® Numbers in the figure indicates numbers of
PAD coordinate

® Alignment mark
(1) Arrangement : 2 places

Coordinate (X,Y) = (-11164.7, 1110.9)
Coordinate (X,Y) = (11164.7, 1110.9)
100um

100um
30 40 30

30 40 30

(2-a) Coordinate (X,Y) = (-11124, 1264.6)

(2-b)Coordinate (X,Y)= (11124, 1264.6)

o

(3-a) Coordinate(X ,Y) = (-11124, -1264.6)
510 25 25 105
1

—
10

80um
70um
T T
510 25 25

om "
80um

(3-b) Coordinate(X ,Y) = (11124, -1264.6)
10 25 25 10

i

25

10 25

o

LB

H
5

HD667B89
Laced Output
Arrangement

r

X

in S30m ich
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PAD Coordinate

53[DBY.
54
55[DB8

56[DB7

57[DB6

56[DB5

59[DB4

60[DB3.

61[DB2
62[DB1/SDO
63[DBO/SDI
64[I0GNDDUMA

&
66| WRTSCL
67|RS

68[CS”
70[10VccDUNA
T1[VSYNC
T2[HSYNC
73[DOTCLK

74[ENABLE
75[I0GNDDUMS,
7

83[PD1
84[PD10

82{I0GNDDUME,
1

ad name

T31[TESTT
132[TESTZ
133[0SC1
134[0SC2

[p2dNd_pad name
Gao

262(G82

263(Gad.

264[G86

135[Ts7
136/TS6
137[Ts5
138[T54
139[T83
140[T52
741[T81
142[TS0
143[I0GNDDUM:

265(G88

266G90

267(Goz2

268[God

269G

270[Gos

271[G100

272[G102

273(Gi0d

274[G106

275(G108

276[G110

277[G112

278[G114

279[G116

280[G118

281[G120

282[G122

389(5486

390(5485

[padNg_pad name.
391[5484
392[S483

519(5356

520[5355
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[F2aNd_pad name X v [pad Nd_pad name. [ad Nd__pad name [ NJ_pad name. X v
215350 20777 116 515220 761504 911[G175 T01315] 1148,
5225353 2044.6] 1265, 6525225 762[593 912[G173
5235352 2011.6] 1148, 6535222 783592 913[G171
5245351 2678.5] 1265, 6545221 784[591 914169
5255350 2845.4] 1148, 6555220 785(590 915(G167
5265349 26123] 1265, 6565219 786/S69 916/G165
5275345 27793] 1148, 6575218 787(568 917/G163
5265347 6565217 788(S67 916/G161
520[5346 789(S66 919/G159
5305345 790[S85 920/G157
5315344 791(S64 921[G155
5325343 792(S83 92216153
5335342 793(S62 923(G151
5345341 794[SB1 524/G149

s34 795(S80 525(G147

536[5339 96/S7" 526/G145
5375338 797(S78 527/G143
538[5337 798[ST7 528(G1a1
5395336 799[S76 52916139
5405335 800[S75 G13
541[5334 801574 931[G135
5475333 802[S73 932/G133
5435332 803[S72 933/G131
5445331 804[S71 934/G129
5455330 805(S70 935(G127
5465329 806[S69 G12:
547]5328 807(S68 937[TESTOR
548]5327 808567 Gi2
549]5326 809566 939]G121
5505325 810/S65 040[GT 18
551324 811564 41[G117
5525325 812[S63 942[G115
5535322 813[S62 943G113
5545321 814[S61 944[G111
5555320 615(S60 945(G100
5565319 616/559 946[G107
5575315 817/S58 947(G105
5565317 818[S57 948[G103
5505316 619/S56 949[G101
5605315 620[S55 950/G9
5615314 621[S54 951[Go7
562[S313 622[S53 952(G95
5635312 623552 953(G03
5645311 624551 954(Go1
5655310 625(550 955(G89
5665309 826(S49 956/GB7
5675308 827(548 957/G85
5685307 828[Sa7 956/G83
5695306 829|546 959181
570[S305 830[S45 960/G79
571[S304 831[Sa4 961(G77
5725303 832(S43 962/G75
5735302 833[S42 963/G73
574[5301 834[S41 964/G71
5755300 835(540 965/G69
5765299 836(539 966]G67
5775298 837(538 967]G65
5785297 838(S37 968]G63.
5795296 839(536 969[G61
5805295 840[S35 570/G59
581[5204 841534 971/G5T
5825293 842(533 972/G55
5835292 843[532 973]G53
5845201 844[S31 974[G51
5855290 845(530 975/G49
5865289 846[529 976/G4T
587/5288 847(528 977]Ga5
588]5287 848527 o78(G43
5895286 849526 979[G41
5905285 850525 980[G20
5915284 851524 981[G37
5925283 852[523 982[G35
5935282 853522 983[G33
5945261 B54[S21 964[G31
5955280 855(520 985(G29
5965279 856/S19 985[G27
5975278 857(S18 987(G25
5985277 858[S17 988(G23
5995276 859/S16 989[G21
6005275 860/S15 990[G19
6015274 861[S14 991[G17
6025273 862[S13 992(G15
6035272 863[S12 993(G13
6045271 864 (511 994[G11
6055270 865(S10 995(Go
6065269 866/59 996(G7
6075268 867 (S8 997(G5
6085267 868(S7 998[G3
6095266 86956 999/G1
610[5265 870[S5 7000 [VGLOUWE
611[5264 87154
6125263 672[S3
6135262 67352 Aignment Mark
6145261 7451 Liypo (Posiive]
6155260 675 [DUNMY 17 Liype (Nogatvo
6165259 676|DUNMY 8 Girclo (Positve
6175256 677 |DUNMY 19 Giclo (Nogatvo
6185257 678|VGLDUMS3 Cross
6195256 679/G239
620[5255 880237

152 831(G235
6225253 832(G233
6235252 31623
6245251 684/G229
6255250 885/G227
6265249 836G225
627]5248 887/G223
628]5247 888/G221
6205246 889/G219
6305245 890[G217
6315244 891215
6325243 892[G213
6335242 593[G211
6345241 894G200
6355240 895(G207
6365239 896(G205
6375235 897G203
6385237 698(G201
6395236 899G190
6405235 900[G197
6415234 9016195
6425233 902[G193
6435232 903[G191
6445231 904[G189
6455230 905(G187
6465229 906(G185
6475228 907(G183
6485227 908[G181
6495226 909[G179
650[5225 780595 910[G177
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BUMP Ar rangements
31 35
BUMP\ : ! :
I N R N R B
S1 ~ S528 117 ! ! ! 40
G1~ G240 ! : :
R B R A 77
1 1 1 2
351, 33 S=2387um
Unit: um
54
/O pins oo |
, Min.80 ,
2
S=5400um
Unit: um
80
TESTO1~4 IO B I
2
S=6400um
Unit: um
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Block Function

1. System Interface

The HD66789 has five high-speed system interfaces: 80-system 18-/16-/9-/8-bit bus and Serial Peripheral
Interface (SPI) port. Theinterface modeis selected with IM3-0 pins.

The HD66789 has three registers: 16-bit index register (IR), 18-hit write-data register (WDR), and 18-bit
read-dataregister (RDR). The IR stores index information from control registers and GRAM. The WDR
temporarily stores data to write into the control registers and GRAM, and the RDR temporarily stores data
read from GRAM. Datawritten into GRAM from the MPU isfirst written into the WDR and then
automatically written into GRAM by internal operation. Since data are read through the RDR from GRAM,
the dataread out first are invalid data and the ensuing data are read out normally.

The execution time for instructions other than oscillation start is O-clock cycle, which enables consecutively
writing instructions.

Register Selection (8/9/16/18 Paralld I nterfaces)

80-system Bus

WR* RD* RS Operation

Write index to IR

Read internal status

Write to the control registers or GRAM through WDR

0
1
0
1

Ok, | O|F
ROl O

Read from GRAM through RDR

Values of CSand VLD during RAM Write

CS* VLD Operations

0 0 Write data to GRAM. RAM address is updated.

1 0 Not write data to GRAM. RAM address is not updated.
0 1 Not write data to GRAM. RAM address is updated.

1 1 Not write data to GRAM. RAM address is not updated.

Note 1) The VLD setting is only effective with RAM write instructions.

Register Selection (Serial Peripheral I nterface)

Start bytes
R/W RS Operations

Write index to IR

Write into control register and GRAM through WDR

0 0
1 0 Read internal status
0 1
1 1

Read from GRAM through RDR
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2. External Display Interface

The HD66789 incorporates RGB and V SY NC interfaces as an external interface for displaying moving
pictures. When RGB-I/F is selected, the display operation is executed in synchronization with the
externally supplied signals, VSYNC, HSYNC, and DOTCLK. The display data (PD17-0) are written
according to the values of the data enable signal (ENABLE) and data valid signal (VLD) in synchronization
with VSYNC, HSYNC, and DOTCLK signals. This datawrite method allows flicker-free screen update.
When VSYNC-I/F is selected, operations other than the frame synchronization by VSYNC signal are
synchronized with internal clocks. The display data are written to GRAM through a system interface. In
this case, there are constraints on the timing and methods of RAM update. See the “External Display
Interface” section for more details.

Switching between conventional system interfaces and external display interfaces is made through
instructions. An optimum interface is selected whether the screen is displaying moving or still pictures.
All datawritten through RGB-1/F are written to GRAM. Therefore, datais transmitted only when the
screen is being updated, which reduces the amount of data transmission, thereby saving power when
moving pictures are being displayed.

3. Bit Operations

The HD66789 supports awrite data mask function that selects and writes datainto GRAM by bit, and
performs logical operation or conditional rewrite on the contents of compare registers and the data to write
to GRAM. For details, see the “Graphics Operation Functions’ section.

4. Address Counter (AC)

The address counter (AC) assigns address to GRAM. When an address set instruction is written into the IR,
the address information is sent from the IR to the AC.

After writing datainto GRAM, the AC is automatically updated plus or minus 1. The AC is not updated
when the data are read from GRAM. Window address function enables data write only in the rectangular
area of GRAM specified by the window address.

5.  GraphicsRAM (GRAM)
GRAM isagraphics RAM that stores hit-pattern data of 176 x 240 bytes with 18 bits per pixel.
6. Gray scale power supply voltage generating cir cuit

The grayscale voltage generation circuit generates liquid crystal drive voltage according to the grayscale
data set in the y-correction register, enabling 262,144-color display. For details, see the “y-Correction
Register” section.

7. Timing Generator

The timing generator generates timing signals for the operation of internal circuits such as GRAM. The
timing for display operation such as RAM read and the internal operation timing such as access from MPU
are generated in away to avoid mutua interfere. Theinterface signals (M, FLM, CL1, EQ, DCCLK,
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DISPTMG, and SFTCLK) are generated internally, and a part of the signals is output through a level
transforming circuit.

8. Ogcillation Circuit (OSC)

The HD66789 can provide R-C oscillation simply by placing an external oscillation-resistor between OSC1
and OSC2 pins. An appropriate oscillation frequency for operating voltage, display size, and frame
frequency can be obtained by adjusting the external-resistor value. Clock pulses can be supplied externally.
Since R-C oscillation is halted during the standby mode, current consumption will be reduced. For details,
see the “Oscillation Circuit” section.

9. LCD Driver Circuit

The LCD driver circuit of HD66789 consists of a 528-output source driver (S1 ~ S528) and a 240-output
gate driver (G1 ~ G240). Display pattern data are latched when 528-bit data arrive. The latched data
controls source driver and generates drive waveforms. The gate driver, which operates display scan, selects
either VGH or VGL level to output. The shift direction of outputting 528 bits from source driver is
changeable with the SS bit. The shift direction of gate driver scan is changeable with the GS bit. The scan
mode of gate driver is changeable with SM bit. Select an appropriate shift direction and mode for an
assembly.

10. Liquid crystal drive power supply circuit

The LCD drive power supply circuit of HD66789 generates voltage, VO, V31P, V31N, VGH, and Vcom
required for driving LCD.
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GRAM AddressMAP
SG pi ~|lnlo|s|lv]lo|n|lo|lo2||Y SIRI2IQISINIRIIISILIN| &
L R R R R Rl R R R 2N RPN RPN B|B|B3|3|B|B(3|6|B|3[8|S
GS=0 |Gs=1 PD PD|PD PD|PD PD|PD PD PD PD|PD PD|PD PD|PD PD
17 ... 0|17 ... 0|17 ... 0|17 ... O 17 ... 017 ... 017 ... 017 ... O
G1 |G240 | "0000"H "0001"H "0002"H "0003"H "00AC"H | "00AD"H | "OOAE"H "00AF"H
G2 |G239 | "0100"H "0101"H "0102"H "0103"H "01AC"H | "01AD"H | "01AE"H "01AF"H
G3 [G238 | "0200"H "0201"H "0202"H "0203"H "02AC"H | "02AD"H | "02AE"H "02AF"H
G4 | G237 | "0300"H "0301"H "0302"H "0303"H "03AC"H | "03AD"H | "03AE"H "03AF"H
G5 |G236 | "0400"H "0401"H "0402"H "0403"H "04AC"H | "04AD"H | "04AE"H "04AF"H
G6 |G235| "0500"H "0501"H "0502"H "0503"H "05AC"H | "05AD"H | "O5AE"H "05AF"H
G7 |G234 | "0600"H "0601"H "0602"H "0603"H "06AC"H | "06AD"H | "O6AE"H "06AF"H
G8 [G233 | "0700"H "0701"H "0702"H "0703"H "07AC"H | "07AD"H | "07AE"H "07AF"H
G9 [G232| "0800"H "0801"H "0802"H "0803"H "08AC"H | "08AD"H | "0O8AE"H "08AF"H
G10 [G231 | "0900"H "0901"H "0902"H "0903"H "09AC"H | "09AD"H | "09AE"H "09AF"H
G11 [G230 | "OAOQ"H "0A01"H "0A02"H "0A03"H "0AAC"H | "0AAD"H | "0OAAE"H | "OAAF"H
G12 [G229 | "0BOO"H "0BO1"H "0B02"H "0B03"H "0OBAC"H | "OBAD"H | "OBAE"H | "OBAF"H
G13 [G228 | "0CO0"H | "0CO01"H | "0CO02"H | "0CO03"H "0CAC"H [ "0CAD"H | "OCAE"H | "OCAF"H
G14 [G227 | "0D00"H "0D01"H "0D02"H "0D03"H "0ODAC"H | "ODAD"H | "ODAE"H | "ODAF"H
G15 [G226 | "0OEO00"H "0EO1"H "0E02"H "0E03"H "0EAC"H | "OEAD"H | "OEAE"H | "OEAF"H
G16 [G225 | "OF00"H "0F01"H "0F02"H "0F03"H "OFAC"H | "OFAD"H | "OFAE"H | "OFAF"H
G17 [G224 | "1000"H "1001"H "1002"H "1003"H "10AC"H | "10AD"H | "10AE"H "10AF"H
G18 [G223 | "1100"H "1101"H "1102"H "1103"H "11AC"H | "11AD"H | "11AE"H "11AF"H
G19 [G222 | "1200"H "1201"H "1202"H "1203"H "12AC"H | "12AD"H | "12AE"H "12AF"H
G20 [G221| "1300"H "1301"H "1302"H "1303"H "13AC"H | "13AD"H | "13AE"H "13AF"H
G233 | G8 "0800"H "0801"H "0802"H "0803"H "ESBAC"H | "EBAD"H | "ESAE"H | "E8AF"H
G234 | G7 "0900"H "0901"H "0902"H "0903"H "EQAC"H | "ESQAD"H | "EQAE"H | "E9AF"H
G235 | G6 "EAO00"H | "EAO01"H | "EA02"H | "EA03"H "EAAC"H | "EAAD"H | "EAAE"H | "EAAF"H
G236 | G5 "EBOO"H | "EBO1"H | "EB02"H | "EB03"H "EBAC"H | "EBAD"H | "EBAE"H | "EBAF"H
G237 | G4 "ECO00"H | "EC01"H | "EC02"H | "EC03"H "ECAC"H | "ECAD"H | "ECAE"H | "ECAF"H
G238 | G3 "EDO0"H | "EDO1"H | "ED02"H | "ED03"H "EDAC"H | "EDAD"H | "EDAE"H | "EDAF"H
G239 | G2 "EEO0"H | "EEO1"H | "EE02"H | "EE03"H "EEAC"H | "EEAD"H | "EEAE"H | "EEAF"H
G240 | G1 "EF00"H "EF01"H "EF02"H "EF03"H "EFAC"H | "EFAD"H | "EFAE"H | "EFAF"H

GRAM address and display panel position (SS="0")
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80-System 18-Bit Interface

DB(DB| DB|DB| DB| DB| DB| DB| DB| DB| DB | DB| DB| DB| DB | DB| DB| DB
GRAM Data 17| 16| 15| 14| 13 12| 11| 10| 9 8 7 6 5 4 3 2 1 0
V V V V V V V V V V V V V V VvV V VY
RGB
Arrangement | R5| R4[ R3|R2 | R1 | R0| G5| G4| G3| G2| G1| GO| B5 | B4| B3 [ B2| BT | BO
Output pin S(3n+1) S@Bn+2) S (3n+3)

Note: n = lower eight bits of address (0 to 175)
80-System 16-Bit Interface

GRAM Data DB| DB| DB| DB | DB| DB| DB| DB DB|(DB| DB| DB| DB| DB | DB| DB
171 16| 15| 14] 13| 12| 11] 10 8| 7| 6| 5] 4| 3| 2 1

V. V V.VY *\\\ V V V V V V V VY ¢

RGB
Arrangement | RS| R4[ R3|R2 | R1 | R0| G5| G4| G3| G2| G1| GO| B5 | B4| B3 [ B2| BT | BO
Output pin S@Bn+1) S(@3n+2) S (3n+3)

Note: n = lower eight bits of address (0 to 175)

80-System 9-Bit Interface
1t Transmission 27 Transmission

GRAM Data |PB |DB (DB |DB |DB |DB (DB (DB |DB |DB |DB (DB |DB |DB |DB (DB [DB |DB
17 |16 |15 (14 |13 |12 (11 |10 |9 [17 [16 |15 [14 [13 |12 [11 |10 |9

YV V V V V V V V V V V VYV V V VY VYY

RGB
Arrangement R5|R4|R3|R2|R1|RO|G5|G4|G3|G2|G1|GO|B5|B4 (B3 |B2|B1|B0
Output pin S@Bn+1) S(3n+2) S(3n+3)

Note: n = lower eight bits of address (0 to 175)

80-System 8-Bit Interface/SPI (2 transmissions/pixel)

18t Transmission 2" Transmission
I ! |
DB|DB|DB|DB (DB | DB | DB | DB DB (DB | DB (DB | DB | DB | DB | DB
GRAMData | 47| 45 | 15 [ 14 [ 13 [ 12| 11| 10 17|16 |15 | 14 [ 13| 12| 11 | 10
Y Y Y VY *\\\ Y Y Y VY YYY ¢
RGB R5| R4| R3|R2|R1| RO| G5| G4| G3| G2| G1| GO | B5| B4 | B3| B2 | B1| BO
Arrangement
Output pin S@n+1) S(Bn+2) S(3n+3)

Note: n = lower eight bits of address (0 to 175)

GRAM data and RGB assignment (SS="0", BGR="0")
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18-bit RGB interface

GRAMData (pp|PD|PD|PD|PD|PD|PD|PD|PD|PD|PD|PD|PD|PD|PD|PD |PD |PD
17 |16 |15 [14 [13 |12 [11 [10 |9 [8 |7 |6 [5 |4 [3 [2 |1 |o
fy V V V V V V V V V V V V V V V V X
RGB
Arrangement | RS | R4 |R3 | R2 | R1| RO (G5|G4|G3|G2| Gl GO |B5|B4|B3|B2B1|BO
Output pin S@n+1) S(@Bn+2) S(3n+3)
16-bit RGB interface
GRAMData |pD [ PD | PD | PD | PD PD|PD|PD|PD|PD [PD|PD [PD |PD |PD |PD
17 | 16 |15 [ 14 |13 11 (109 |8 (7 |6 |5 [4 |3 |2 [+1
VVVVV*VVVVVVVVVVV¢
RGB
Arrangement |RS | R4 | R3 | R2 | R1|R0 | G5 (G4 (63 (G2|G1(GO|BS |B4 |B3|B2|B1 (B0
Output pin S(@n+1) S(@n+2) S(3n+3)
6-bit RGB interface
15t Transmission 2" Transmission 3 Transmission
GRAMData |pp |PD [PD [PD [PD |PD |PD |PD |PD |PD [PD [PD [PD |PD |PD |PD |PD |PD
17 |16 |15 [14 |13 |12 [17 |16 |15 |14 |13 [12 |17 |16 [15 |14 |13 [12
VV V VYV VYV VVV VYV YV VVVY
RGB
Arrangement | RS [ R4 |R3 |R2 | R1 RO [G5(G4|G3| G2 |Gt |Go(B5|B4|B3 |B2 (B1 B0
Output pin S(3n+1) S(3n+2) S (3n+3)

GRAM data and RGB assignment (SS="0", BGR="0")
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seon |58 |3|3(8(8(5(3(8|2(5(5] HEHEEEEIRIEIEIEE:

n|0|n Dlo|lo|lo|lo|lo|lo|la|lo|lo|lv|ln

65=0 | cs=1|PP PD|PD PD|PD PD|PD PD PD PD|PD PD|PD  PD|PD PD
17 ... 017 ... 017 ... 0|17 ... O 17 ... 0117 ... 0|17 ... 017 ... O

G1 |G240 | "00AF"H | "0OAE"H | "00AD"H [ "00AC"H |............ "0003"H "0002"H "0001"H "0000"H

G2 |G239| "01AF"H | "01AE"H | "01AD"H | "01AC"H
G3 |G238 | "02AF"H | "02AE"H | "02AD"H | "02AC"H
G4 |G237 | "03AF"H | "03AE"H | "03AD"H | "03AC"H
G5 |G236 | "04AF"H | "04AE"H | "04AD"H | "04AC"H
G6 |G235| "05AF"H | "05AE"H | "05AD"H | "05AC"H
G7 [G234 | "06AF"H | "06AE"H | "06AD"H | "06AC"H
G8 |G233| "07AF"H | "07AE"H | "07AD"H | "07AC"H
G9 |G232| "08AF"H | "08AE"H | "08AD"H | "08AC"H
G10 |G231 | "09AF"H | "09AE"H | "09AD"H | "09AC"H
G11 _|G230 | "0AAF"H | "0AAE"H | "0AAD"H | "0AAC"H
G12 |G229 | "0BAF"H | "0BAE"H | "0BAD"H | "0BAC"H
G13 |G228 | "0CAF"H | "0CAE"H | "0CAD"H | "0CAC"H
G14 |G227 | "ODAF"H | "ODAE"H | "ODAD"H | "0DAC"H "0D03"H | "0D02"H | "0DO01"H | "0DO00"H
G15 |G226 | "OEAF"H | "0EAE"H | "0EAD"H | "OEAC"H |.. "0E03"H | "OE02"H | "OEO1"H | "OE00"H
G16 |G225 | "OFAF"H | "OFAE"H | "OFAD"H | "OFAC"H ....| "OFO3"H | "OF02"H | "OFO1"H | "OF00"H
G17 G224 | "10AF"H | "10OAE"H | "10AD"H | "10AC"H "1003"H | "1002"H | "1001"H | "1000"H
G18 [G223 | "11AF"H | "11AE"H | "11AD"H | "11AC"H "1103"H | "1102"H | "1101"H | "1100"H
G19 |G222 | "12AF"H | "12AE"H | "12AD"H | "12AC"H "1203"H | "1202"H | "1201"H | "1200"H
G20 |G221 | "13AF"H | "13AE"H | "13AD"H | "13AC"H "1303"H | "1302"H | "1301"H | "1300"H

"0103"H_| "0102"H_| "0101"H_| "0100'H
"0203"H_| "0202"H_| "0201"H_| "0200'H
"0303"H_| "0302°H_| "0301"H_| "0300°H
"0403"H_| "0402"H_| "0401"H_| "0400"H
"0503"H_| "0502"H_| "0501"H_| "0500°H
"0603"H_| "0602"H_| "0601"H_| "0600°H
"0703"H_| "0702"H_| "0701"H_| "0700'H
"0803"H_| "0802"H_| "0801"H_| "0800°H
"0903"H_| "0902"H_| "0901"H_| "0900°H
0A03'H_| "0A02'H | "0AOT'H_| "0AO0'H
0B03'H_| "0B02'H | "0BOT'H_| "0BOO'H
"0C03"H_|_"0C02"H_| "0COT"H_| "0C00'H

"0803"H | "0802"H | "0801"H | "0800"H
"0903"H | "0902"H | "0901"H | "0900"H
"EA03"H | "EA02"H | "EA01"H | "EA00"H
"EBO03"H | "EB02"H | "EBO01"H | "EBOQ"H
"EC03"H | "EC02"H | "ECO01"H | "EC00"H
"EDO03"H | "ED02"H | "EDO1"H | "EDO00"H
"EEO03"H | "EE02"H | "EEO01"H | "EE00"H
"EFO3"H | "EF02"H | "EFO01"H | "EF00"H

G233 | G8 | "EBAF'H | "ESAE"H | "ESAD"H | "E8AC"H
G234 | G7_| "E9AF"H | "E9AE"H | "EQAD"H | "E9AC"H
G235 | G6 | "EAAF"H | "EAAE"H | "EAAD"H | "EAAC"H
G236 | G5 | "EBAF"H | "EBAE"H | "EBAD"H | "EBAC"H
G237 | G4 | "ECAF"H | "ECAE"H | "ECAD"H | "ECAC"H
G238 | G3 | "EDAF"H | "EDAE"H | "EDAD"H | "EDAC"H
G239 | G2 | "EEAF"H | "EEAE"H | "EEAD"H | "EEAC"H
G240 | G1 "EFAF"H | "EFAE"H | "EFAD"H | "EFAC"H

GRAM address and display panel position (SS="1", BGR “1")

Rev.0.12, May 09 2003, page 24 of 156
RENESAS




HD66789

Preliminary

80-system 18-bit interface

GRAM Data

RGB
Arrangement

Output pin

DB
17

DB
16

DB
13

DB
15

DB
14

DB
12

DB
11

DB
10 (9 |8 |7 |6

y V V N

V V V V V V X

y V V V V V

R5

R4

R3 | R2 | R1

RO

G5[G4[G3|G2|G1

GO

B5 B4 | B3 |B2 | B1

BO

S (528 - 3n)

S (527 - 3n)

S (526 - 3n)

80-system 16-bit interface

GRAM Data

RGB
Arrangement

Output pin

Note: n = lower eight bits of address (0 to 175)

DB
17

DB
16

DB
14

DB
13

DB
15

DB
12

DB DB
10 8 |7 |6

DB
1

*\\\ V V V V V V VY ¢

R4

R3 | R2 [ R1

RO

G5 G4 |G3|G2|G1

GO

B5 B4 | B3 | B2 | B1

BO

S (528 - 3n)

S (527 - 3n)

S (526 - 3n)

80-system 9-bit interface

GRAM Data

RGB
Arrangement

Output pin

Note: n = lower eight bits of address (0 to 175)

1%t Transmission

2" Transmission

DB
17

DB
16

DB | DB
14 113

DB
15

DB
12

DB
15

DB
16

DB
11

DB
1019

DB
17

DB
11

DB
10

DB |DB |DB
14 |13 |12

y V V V V V V V V V V X

R5

R4

R3 | R2 | R1

RO

G5|G4(G3|G2|G1

GO

B5 [ B4 | B3 | B2 | B1

BO

S (528 - 3n)

S (527 - 3n)

S (526 - 3n)

Note: n = lower eight bits of address (0 to 175)

80-system 8-bit interface/SPI (2 transmissions/pixel)

GRAM Data

RGB
Arrangement

Output pin

1% Transmission

2"¢ Transmission

DB
17

DB
16

DB (DB | DB
15 (14 |13

DB | DB
12 |11

DB DB

16

DB
17

DB
12

DB
11

DB| DB| DB
15|14 | 13

DB
10

N

vV Vv

V V.V VY

vy

R5

R4 | R3 [R2 |R1

10
RO |[G5[G4|G3|G2|G1

G0 |B5 | B4 | B3 |B2

B1 | BO

S (528 - 3n)

S (527 - 3n)

S (526 -3n

)

Note: n = lower eight bits of address (0 to 175)

GRAM data and RGB assignment (SS=“1", BGR ="1")
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80-system 8-bit interface (3 transmissions / pixel, 262k color mode : TRI =1, DFM1 - 0 =10)

15t Transmission 2" Transmission 3 Transmission
GRAM Data|pp |PD [PD [PD [PD |PD |PD|PD|PD|PD|PD|PD|PD|PD|PD|PD |PD |PD
17 (16 | 15114 | 13 (12 | 17| 16| 15|14 | 13|12 |17 |16 [ 15| 14 | 13 | 12
YV V V V V V Y Y YV VY Y Y Y Y VYV Vv X
RGB
Arrangement | R5| R4| R3|R2 [R1 | RO| G5| G4| G3| G2| G1| GO| B5| B4| B3| B2 | B1| BO
Output pin S (528 - 3n) S (527 - 3n) S (526 - 3n)

Note : n = Lower 8 bits of address (0 ~175)

80-system 8-bit interface (3 transmissions/pixel, 65k color mode : TRI =1, DFM1 -0 = 11)

19T,

204 Tr

3T,

GRAM Data

PD
17

PD
16

PD
15

PD
14

PD
13

PD
12

PD
17

PD
16

PD
15

PD
14

PD
13

PD
12

PD
17

PD
16

PD
15

PD
14

PD
13

PD
12

]

Yy vy

y

Yy vy

]

VvV VY

RGB
Arrangement

RS

R4| R3| R2 | R1

RO| G5| G4 | G3| G2 | G1

GO

B5

B4 | B3| B2| B1

BO

Output pin

S (528 - 3n)

S (527 - 3n)

S (526 - 3n)

Note : n = Lower 8 bits of address (0 ~175)

GRAM dataand RGB assignment (SS="1", BGR ="1")
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18- bit RGB interface
GRAM Data| PD| PD| PD| PD| PD| PD| PD| PD| PD| PD| PD| PD| PD| PD| PD|PD| PD| PD
17| 16| 15| 14| 13| 12 11| 10| 9| 8| 7| 6| 5| 4| 3 [ 2| 1] 0
V V V V V V V V V V VY VYV VYV VY VY Y VX
RGB| ps| R4| R3|R2 |R1 | RO| 65| Ga| 63| 62| 61| Go| B5| B4 | B3| B2| B1| BO
Arrangement|
Output S (528 - 3n) S (527 - 3n) S (526 - 3n)
pin
Note : n = Lower 8 bits of address (0 ~ 175)
16- bit RGB interface
GRAM Data | PD| PD| PD| PD| PD PD| PD| PD| PD| PD| PD|PD| PD| PD|PD| PD
17| 16| 15| 14| 13 11|10 9| 8| 7| 6|5|4f3]2]1
VVVVV¢VVVVVVVVVVV¢
RGB | r5| Ra| R3|R2|R1|RO| G5| G4a| G3| G2| 61| Go| B5| B4| B3| B2| B1]| BO
Arrangement
Output S (528 — 3n) S (527 - 3n) S (526 — 3n)
pn Note : n = Lower 8 bits of address (0 ~ 175)
6- bit RGB interface
15! Transmission 2" Transmission 3 Transmission
GRAM Data (pD [PD [PD [PD |PD |PD [PD|PD|PD|PD|PD|PD|PD|PD|PD|PD|PD|PD
17116 [ 15|14 |13 [12 [ 17| 16| 15[ 14 | 13|12 [ 17| 16 | 15| 14 | 13| 12
V V V V V V V VY VYV VvV Y Y Y Y YY VY
RGB
Arrangement | R5 [ R4| R3| R2 |R1| RO| G5| G4| G3| G2| G1| GO| B5| B4 | B3| B2 B1| BO
Output S (528 - 3n) S (527 - 3n) S (526 - 3n)
pin

Note : n = Lower 8 bits of address (0 ~ 175)

GRAM data and RGB assignment (SS=“1", BGR="1")
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I nstructions

Outline

The HD66789 adapts 18-bit bus architecture that enables high-speed interfacing with a high-performance
microcomputer. Data sent from external (18/16/9/8 bits) are stored temporarily in the instruction register
(IR) and the data register (DR) to store control information before internal operation starts. Since internal
operation is decided according to the signal sent from the microcomputer, register selection signal (RS),
read/write signal (R/W), and internal 16-bit data bus signal (DB15 to DBO) are called instruction. GRAM
is accessed through internal 18-bit data bus. There are eight categories of instructions:

Specify index

Read status

Control display

Control power management

Process graphics data

Set internal GRAM address

Transfer datato and from internal GRAM

Set grayscale level for internal grayscale y-adjustment

© N O~ wWwDdhPR

Normally, the 7" instruction to write display data is executed the most frequently. The address of internal
GRAM is updated automatically after data are written to the internal GRAM. With the window address
function, this reduces the amount of data transmission to minimum and thereby lightens the load on the
program in the microcomputer. Since instructions are executed in 0 cycle, it is possible to write
instructions consecutively.

Asthe following figure shows, the assignment to the 16 instruction bits (IB15-0) varies according to the
interfacein use. An instruction must adopt the data format for each interface.
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80-system 18-bit interface

GRAM Data( DB| DB| DB| DB | DB| DB| DB| DB| DB| DB| DB | DB| DB| DB| DB | DB| DB| DB
171 16| 15| 14| 13 12| 11| 10| 9| 8| 7| 6| 5| 4| 3| 2 1 0

Instruction Bit (IB)| IB| 1B IB| IB| IB| IB| IB| IB B|IB|IB|IB|IB|IB]|IB]|IB
15| 14 13| 12( 11| 10| 9 | 8 7165|432 1]0

80-system 16-bit interface

GRAM Datal DB |DB |DB |DB |DB |DB |DB |DB DB |DB (DB | DB| DB|DB | DB | DB
17 |16 |15 |14 [13 |12 |11 [ 10 8| 716 |5|4]|3]2 1
¥V V X A A YV V X VYV V V X Y VvV ¥ A 4
Instruction Bit (IB)| 1B | IB| 1B | 1B IBf B IB|IB B|IB|IB|IB|IB|IB|IB|IB
15| 14| 13 12| 11| 10| 9 | 8 7165 4] 3|2 1 0

80-system 9-bit interface
[ 15! Transmission I 2" Transmission 1

GRAM Data| DB| DB| DB| DB | DB| DB| DB| DB| DB|( DB | DB| DB | DB | DB | DB | DB | DB | DB
171 16| 15| 14| 13| 12| 11| 10| 9 [ 17| 16| 15[ 14| 13| 12] 11| 10| 9

VVVVVVVVlVVVVVVVVl

Instruction Bit IB)| 1B [ 1B | 1B IB| IB|IB|IB|IB B|IB|IB|IB|IIB|[IB|IB|IB
15 1413 12(11 (10| 9 | 8 7165|4321 0

80-system 8-bit interface / SPI(2/3 transmissions)

[ 15t Transmission I 2" Transmission 1
GRAM Data| DB (DB |DB |DB |DB (DB | DB | DB DB| DB| DB| DB | DB| DB| DB| DB
17 116 [ 15 |14 [13 |12 | 11 [ 10 17 (16| 15| 14| 13| 12| 11| 10
YV V. V V V V V X YV VYV VV VYVYVYY
Instruction Bit (IB)| 1B | 1B [ 1B | 1B (1B |IB|IB[IB B|IB|IB|IB|IB]|IB|IB|IB
15141312111 ]10| 9 | 8 716 5| 4 3|2 1 0

Instruction bits

Instructions

The following are detail explanations of instructions with illustrations of instruction bits (IB15-0) assigned
to each interface.

Index

Theindex instruction specifies the index (ROOh to R4Fh) of control register and RAM control. It setsthe

register number from 0000000 to 1111111 in binary form. Do not try to access to the register to which the
index is not assigned.

RW RS 1B15 1B14 I1B13 [B12 IB11 1B10 IB9 IB8 IB7 IB6 IB5 [B4 IB3 B2 IB1 IBO

W | o % | k| % | k| % |k | % |x || D6|ID5|ID4a|ID3|ID2]|ID1 |IDO
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Status Read
The status read instruction reads the internal status of the HD66789.

L 7-0: Indicate the position of raster-row driving liquid crystal.

RW RS IB15 1B14 IB13 1B12 IB11 IB10 I1B9 IB8 IB7 IB6 IB5 1B4 B3 B2 1B1 IBO

R 0 L7 | L6 | L5 | L4 | L3 | L2 | L1 LO 0 0 0 0 0 0 0 0

Start Oscillation (ROOh)

The start oscillation instruction restarts the oscillator in a halt state during the standby mode. After
executing thisinstruction, wait at least 10 msfor stabilizing oscillation before issuing a next instruction.
For details, see the “ Standby Mode” section.

“0789"H isread out, if thisregister isforced to read out.

RIW RS 1B15 IB14 [B13 [B12 IB11 IB10 IB9 IB8 IB7 IB6 IB5 [B4 [B3 B2 IB1 IBO

Wl 2 sk | sk | sk |k |k |k |k |%|%|%]|%|% |k [k |[%]|!1

Driver Output Control (R01h)

RW RS [B15 1B14 [B13 1B12 IB11 IB10 I1B9 IB8 IB7 IB6 IB5 1B4 IB3 1B2 1B1 IBO

w 1 0 [VSPL|HSPLDPL | EPL[SM [GS | SS| © 0 0 [ NL4] NL3| NL2|NL1|NLO

SS: Select the shift direction of outputs from the source driver. When SS = 0, the shift direction of outputs
isfrom S1 to S528. When SS = 1, the shift direction of outputsis from S528 to S1. In addition to the shift
direction, the settings for both SS and BGR hits are required to change the assignment of R, G, B dotsto

the source driver pins. To assign R, G, B dots to the source driver pinsinterchangeably from S1, set SS=0,
BGR =0. Toassign R, G, B dotsto the source driver pins interchangeably from S528, set SS=1, BGR = 1.

GS: Select the shift direction of outputs from the gate driver. The scan order is changeable in accordance
to the scan mode by the gate driver. Select an optimum shift direction for the assembly.

SM: Set the scan order by the gate driver. Select an optimum scan order for the assembly. For details, see

“Scan Mode Setting”.
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EPL: Set the polarity of ENABLE pin while using the RGB interface.

EPL =*0" : ENABLE ="“Low” / Write datato PD17-0.
: ENABLE =“High” / Datawrite invalid.
EPL ="1" : ENABLE =“High” / Write data to PD17-0.

:ENABLE =“Low” / Datawrite invalid.

The following table shows the relationship between EPL, ENABLE, VLD and RAM access.

EPL ENABLE VLD RAM write RAM address
0 0 0 Valid Updated

0 0 1 Invalid Updated

0 1 * Invalid Hold

1 0 * Invalid Hold

1 1 0 Valid Updated

1 1 Invalid Updated

VSPL: Invert the polarity of signal for VSYNC pin.

VSPL ="0" :Low active.
VSPL ="1" : High active.

HSPL: Invert the polarity of signal for HSYNC pin.

HSPL ="0" : Low active.
HSPL ="1"  :Highactive.

DPL: Invert the polarity of signal for DOTCLK pin.

DPL ="0" : Data are read in synchronization with the rising edge of the DOTCLK.
DPL="1" : Data are read in synchronization with the falling edge of the DOTCLK.

NL 4-0: Specify the number of LCD drive raster-rows. The number of drive raster-rowsis changeable by 8
multiples. The GRAM address mapping is independent of this setting. Select a number of raster-rows so
that the display size covers the size of a panel.
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NL bits

NL4 NL3 NL2 NL1 NLO Display Size Liquid crystal Gate driver lines
drive Used
raster-rows

0 0 0 0 0 Setting disabled Setting disabled Setting disabled
0 0 0 0 1 528 x 16 dots 16 G1-G16
0 0 0 1 0 528 x 24 dots 24 G1-G24
0 0 0 1 1 528 x 32 dots 32 G1-G32
0 0 1 0 0 528 x 40 dots 40 G1-G40
0 0 1 0 1 528 x 48 dots 48 G1-G48
0 0 1 1 0 528 x 56 dots 56 G1-G56
0 0 1 1 1 528 x 64 dots 64 G1-G64
0 1 0 0 0 528 x 72 dots 72 G1-G72
1 1 0 0 0 528 x 200 dots 200 G1-G200
1 1 0 0 1 528 x 208 dots 208 G1-G208
1 1 0 1 0 528 x 216 dots 216 G1-G216
1 1 0 1 1 528 x 224 dots 224 G1-G224
1 1 1 0 0 528 x 232 dots 232 G1-G232
1 1 1 0 1 528 x 240 dots 240 G1-G240

Note 1) A front porch period (set in the FP register) and a back porch period (set in the BP register) will be
inserted as a blank period before and after driving all gate lines

L CD Driving Wave Form Control (R02h)

RW RS 1B15 1B14 IB13 [B12 [B11 IB10 IB9 IB8 IB7 IB6 IB5 B4 [B3 B2 IB1 IBO

w 1 0 0 0 0 [FLD1{FLDO|B/C |EOR| O 0 [NWS5| NW4|NW3|NW2[ NW1| NWO

FLD1-0: Specify the number of fields during n-field interlaced drive. For details, see the “interlaced drive’
section.

Thisfunction is not available when an external display interfaceis selected. In the external display
interface mode, make sure FLD1-0=“01"
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FLD1-0

FLD1 FLDO Number of Fields

0 0 Setting disabled
0 1 1 field

1 0 Setting disabled
1 1 3 fields

NW5-0: Specify n, the number of raster-rows from 1 to 64 to alternate every n+1 raster-rows when C-
pattern waveform is generated (B/C = 1).

EOR: When EOR = 1 and a C-pattern waveform is generated (B/C =1), an odd/even frame select signal
and an n-raster-row inversion signal are AC-driven. Thisinstruction is available when liquid crystal AC
drive is not made depending on the combination of numbers of LCD drive raster-rows and the value of “n”
of n-raster-row inversion AC drive. For details, see “n-raster-row inversion AC drive’.

B/C: When B/C =0, afield AC waveformis generated. Alternation occurs every frame when driving liquid
crystal. When B/C=1, alternation occurs every n raster-row. For details, see the “n-raster-row Inversion
AC Drive” section.

Entry Mode (RO3h)
Compare Register 1 (R04h)
Compare Register 2 (R05h)

RW RS [B15 1B14 [B13 1B12 IB11 IB10 I1B9 IB8 1IB7 IB6 1B5 1B4 [B3 1B2 1B1 IBO

w 1 TRI | DFM1 DFMO| BGR| O 0 |HWM| O 0 0 1/D1] 1/DO | AM | LG2 | LG1 |LGO

w 1 0 0 |CP11|CP10| CP9| CP8| CP7| CP6 0 O |CP5(CP4| CP3| CP2| CP1| CPO

w 1 0 0 0 0 0 0 0 0 0 0 [CP17|CP16| CP15|CP14|CP13|CP12

The HD66789 modifies write data sent from the microcomputer before writing to GRAM. This enables
high-speed GRAM data update, and reduces the load on the microcomputer software. For details, see the
“Graphics Operation Function” section.

TRI: RAM write data are transmitted in 3 times through 8-bit interface when TRI = 1. When 8-bit
interface mode is not selected, set TRI to O.

DFM 1-0: Specify the data format for the RAM write data transmission when TRI = 1 (8-bit interface mode
only).

DFM1-0 ="10": 262k mode (6bit x 3 transmissions)
DFM1-0 ="11": 65k mode (5,6,5 bits transmissions)
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HWM: When HWM=1, data are written to GRAM in high speed. In high-speed write mode, 4 words are
written to GRAM in asingle operation after executing 4 RAM write operations. |f RAM writeis
terminated before it is executed 4 times, the last data will not be written. Make sure that RAM writeis
executed 4 times. For this reason, the lower 2 bits must be set to “0” when setting the RAM address. For
details, see “High-Speed RAM Write Mode” section.

I/D1-0: The address counter is automatically incremented by 1, after data are written to GRAM when |/D1-
0="1". The address counter isautomatically decremented by 1, after data are written to GRAM when
[/D1-0="0". Anindependent setting for the increment or decrement of the address counter can be made to
the upper (AD15-8) and the lower (AD7-0) bits of the address. The address transition direction when data
are written to GRAM is set with AM bits.

AM: Set the direction of updating address counter automatically after data are written to GRAM. When
AM =*0", the address counter is updated in the horizontal direction. When AM =*"1", the address counter
is updated in the vertical direction. When the window address is specified, data are written to the GRAM
area specified by the window address in the manner specified with I/D1-0, AM hits.

TRl |DFM1 [DFMO 8-bit interface data format
First transmission Second transmission
[ os17] o816] DB15| DB14| DB13| DB12| DBI1| DBI10| | DB17] DB16| DB1S| DB14| DB13] DB1Z| DB11] DBIO|
0 0 0

2 2 D NN N I T

|R5|R4|R3|R2|R1|R0|(35|G4|G3|G2|G1|GO|BS|B4|B3|BZ|B1|B0|

0 * * Setting disabled
1 0 * Setting disabled
First transmission Second transmission Third transmission

f T T 1
[ o817] oB1¢] D815 DB14| DB13| DB12| DB17| DB16| DB1S| DB14| DB1G| DB12| DB17| DB1E| DB15| DB14 DB13| DB12|

B N R R R

|R5|R4|R3|R2|R1|RO|G5|G4|G’3|G2|G1|GO|B5|B4|B3|82|B1|BO|

First transmission Second transmission Third transmission

r T v d
| DB17| DBwsl DB15| DB14| DB’13| DB’12| DB17| DB1G| DB15| DB14| DBwsl DB12| DBWl DB16| DB’15| DB14| DB13| DB12|
L ! I ! T I | |

vV V ¢ vV VvV vV v Vv v ¥ ¥ V¥

|R5|R4|R3|R2|R1|RO|G5|G4|G’S|G2|G1|GO|B5|B4|B3|BZ|B1|BO|

8-bit interface data format
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1/D1-0="00" 1/D1-0="01" 1/D1-0="10" 1/D1-0="11"
horizontal : decrement horizontal : increment horizontal : decrement || horizontal : increment
vertical : decrement vertical : decrement vertical : increment vertical : increment
0000h 0000h 0000h 0000h
AM=0" — —— — =
horizontal —_— e Y e
< ~. _.\: _“\ .
EFAFh EFAFh EFAFh EFAFh
0000h 0000N 0000h 0000h
T4 AAAAL AAAAAA ' 1.
AM="1" ‘N ] ,
vertical A ) )
. rYYvryy YYVYYVYYY
‘EFAFh EFAFh EFAFh EFAFh

Note : Data are written only on the GRAM area specified with the window
addresses when window addresses are set.

Addresstransition direction

L G2-0: Rewrite datato GRAM after comparing the data that are written by the microcomputer to GRAM
with the values in the compare registers (CP17-0) and performing logical operation. For details, see the
“Graphics Operation function”

CP17-0: Set the value for the compare register, with which the data read out from GRAM or data written
to GRAM by the microcomputer are compared. This function is not available with the external display
interface mode. In the external display interface mode, make sure LG2-0 = “000".

BGR: Reversethe order from R, G, B to B, G, R to the 18-bit datato writeto GRAM. When setting BGR
=1, CP17-0 and WM 17-0 bits will be automatically changed to the same effect.

18 bits

; Note 1)
Write data to GRAM Note 0|0|0|0|0|0|0|1|1|1|0|0|1|1|1|0

Conversion between RGB and BGR (BGR)

YV VY YV VY YYY VY Yy

Compare operation (with compare register)
LG2-0 = 110: Replacement of matched write data
LG2-0 = 111: Replacement of unmatched write data

VYV VYVVYVVYVVYVY

Write data mask (WM17-0)
YV VVVVVVVYVVVVVVY

GRAM

Logical operation (write data)

Logical/compare operation
LG2-0 = 000: Replacement

(LG2-0)

Write data to
GRAM (WM17-0) Note 2)

Note 1) Data write to GRAM is executed by 18 bits. Logical operation is also executed by 18 bits.
As to the assignment of bits, see the description regarding each bit data bus interface.
Note 2) Write data mask (WM17-0) is set with the RAM write data mask register.

L ogic/Compar e Operation
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Display Control 1 (R0O7h)

RW RS [B15 1B14 IB13 1B12 [B11 IB10 IB9 IB8 IB7 IB6 IB5 1B4 IB3 B2 1B1 IBO

\ 1 0 0 0 | PT1| PTO [VLE2|VLE]L SPT| O 0 |GON|DTE| CL (REV| D1 | DO

PT1-0: Determine the kind of source output in a non-display areain the partial display mode. For details,
see the “ Screen-split drive function” section.

PT1-0 bits

Source Output for Non-display Area

PT1 PTO Positive Polarity Negative Polarity

0 0 V31 VO

0 1 V31 VO

1 0 GND GND

1 1 High impedance High impedance

VLE2-1: When VLEL1 = 1, thefirst screen is scrolled in the vertical direction. When VLE2 = 1, the second
screen is scrolled in the vertical direction. The first and second screens cannot be scrolled simultaneously.
Thisfunction is not available with the external display interface mode. In this case, make sure VLE2-1 = 0.

VLE Bits
VLE2 VLE1 Image on 2nd Screen Image on 1st Screen
0 0 Stationary Stationary
0 1 Stationary Scrolled
1 0 Scrolled Stationary
1 1 Setting disabled Setting disabled

CL: When CL =1, 8-color display mode is selected. For details, see the “8-Color Display Mode” section.

CL Bit
CL Colors
0 262,144

8

SPT: When SPT = 1, liquid crystal is driven with 2 split screens. For details, see the “ Screen Split Drive
Function” section. Thisfunction is not available in the external display interface mode. In this case, make
sure SPT =0.
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REV: When REV =1, areverse display is shown. Inverting the grayscale levels allows the display of
same data on both normally white and normally black panels. The source output during front, back porch
periods and blank periods during the 2-split-screen display is made in accordance with settings with PT1-0
bits.

Sour ce Output in the Display Area

Source Output in the Display Area*

REV GRAM Data Positive Polarity Negative Polarity
18’h00000 V31 VO
0
18’'h3FFFF VO V31
18'h00000 VO V31
1
18'h3FFFF V31 VO

Note: The output on the source lines during the front and back porch periods and blanking of the partial
display is determined with PT1-0 bits.

GON: When GON = 0, the gate-off level is GND.

DTE: When DTE =0, the DISPTMG output is fixed to GND.

GON Bit DTE Bit

GON Gate Output DTE DISPTMG Output

0 VGH/GND 0 Halt (GND)

1 VGH/VGL 1 Operation (Vcc/GND)

D1-0: The graphicsdisplay ison when D1 = 1, and off when D1 = 0. When setting D1 =0, the data are
retained in GRAM. This means the graphicsisinstantly redisplayed when setting D1 to 1. When D1is0
(i.e., thedisplay is off) all the source outputs are set to the GND level. This reduces the charged/discharged
current on LCD, accompanied by the liquid crystal AC drive.

When D1-0 = 01, the HD66789 continues the internal display operation, even while the externa display is
off. When D1-0 =00, both the internal display operations and the external display operation are halted.

In combination with GON and DTE bits, D1-0 hits control ON/OFF of display. For details, see the
“Instruction Setting Flow” section.
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D1-0
D1 DO Source Output HD67789 Gate-Driver Control Signals
Internal Operations (CL1, FLM, and M)
0 0 GND Halt Halt
0 1 GND Operate Operate
1 0 Unlit display Operate Operate
1 1 Display Operate Operate

Note 1) Data are written to GRAM from the microcomputer irrespective of the setting of D1-0 bits.

Note 2) In the standby mode, D1-0 = "00". However, the D1-0 register setting before entering standby
modes is retained.

Display Control 2 (R08h)

RW RS 1B15 IB14 [B13 IB12 |B11 IB10 IB9 IB8 IB7 IB6 IB5 [B4 IB3 B2 IB1 IBO

\ 1 0 0 0 O [FP3|FP2|(FPL | FPO| O 0 0 0 | BP3|BP2| BP1| BPO

FP3-0/BP3-0: Make settings for blank periods (the front and back porches), which are placed at the
beginning and end of the display. FP3-0 and BP3-0 bits specify the number of raster-rows for the front and
back porch respectively. When making this setting, make sure:

BP + FP = <16 raster-rows
FP >= 2 raster-rows
BP >= 2 raster-rows

In the external display interface mode, the back porch (BP) starts on the falling edge of VSYNC signal,
followed by display operation. After displaying the number of raster-rows set with NL bits, the front porch
starts. After the front porch, a blank period ensues until an input of next VSYNC signal.
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FP and BP

FP3 FP2 FP1 FPO Number of lines for the Front Porch

BP3 BP2 BP1 BPO Number of lines for the Back Porch

0 0 0 0 Setting disabled

0 0 0 1 Setting disabled

0 0 1 0 2

0 0 1 1 3

0 1 0 0 4

1 1 0 0 12

1 1 0 1 13

1 1 1 0 14

1 1 1 1 Setting disabled

R Back porch

Display area

Front porch

Note: The output timing to the LCD panels is delayed two raster-
rows from the input of synchronization signal.

External display interface
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BP3-0, FP3-0 Setting

Set BP3-0, FP3-0 hits as follows each in the following operation modes.

Operation of FLD1-0 =01 BP>= 2 lines FP >= 2 lines FP +BP <= 16 lines
internal clock FLD1-0 = 11 BP = 3 lines FP =5 lines

RGB interface BP >= 2 lines FP >= 2 lines FP +BP <= 16 lines
VSYNC interface BP >= 2 lines FP >= 2 lines FP +BP = 16 lines

Display control 3 (R09h)

RW RS 1B15 1B14 1B13 I1B12 [B11 [B10 IB9 B8 1IB7 1B6 IB5 1B4 IB3 B2 IB1 IBO

W 1 0 0 0 0 0 0 0 0 0 0 |PTG1|PTGO|ISC3[ISC2| ISC1|1SCO

PTG1-0: Set the gate scan mode when non-display areais driven.

PTG1 PTGO Gate outputin non-display Source outputin non-display Vcom output

area area
0 0 normal scan PT setting VcomH/VcomL amplitude
0 1 VGL (fixed) PT setting VcomH/VcomL amplitude
1 0 interval scan PT setting VcomH/VcomL amplitude
1 1 setting disabled
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I SC 3-0: Set the frequency of gate scan when the gate scan mode in the non-display areais set to the
interval scan mode with PTG bits. The scan frequency always occurs per odd frames, which is set with ISC
bits, and inverted polarity is applied as the gate line is scanned.

Gate scan frequency

ISC3 ISC2 ISC1 ISCO Scan frequency (f FLM) = 60Hz
0 0 0 0 0 frame _

0 0 0 1 3 frames 50 mS
0 0 1 0 5frames 84 mS
0 0 1 1 7 frames 117 mS
0 1 0 0 9 frames 150 mS
0 1 0 1 11 frames 184 mS
0 1 1 0 13 frames 217 mS
0 1 1 1 15 frames 251 mS
1 0 0 0 17 frames 284 mS
1 0 0 1 19 frames 317 mS
1 0 1 0 21 frames 351 mS
1 0 1 1 23 frames 384 mS
1 1 0 0 25 frames 418 mS
1 1 0 1 27 frame 451 mS
1 1 1 0 29 frame 484 mS
1 1 1 1 31 frame 518 mS

Frame Cycle Control (ROBh)

RW RS 1B15 1B14 1B13 1B12 [B11 IB10 IB9 B8 1B7 1B6 IB5 1B4 1IB3 1B2 IB1 1BO

W 1 NO1 [NOO (SDTLSDTO| EQ1 | EQO |DIV1(DIVO[ O 0 0 0 |RTN3IRTN2| RTNJIRTNOQ|

RTN3-0: Set the 1H (1 raster-row) period.

RTN3 RTN2 RTN1 RTNO Clock Cycles per Raster-row

0 0 0 0 16 clocks
0 0 0 1 17 clocks
0 0 1 0 18 clocks
1 1 1 0 30 clocks
1 1 1 1 31 clocks
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DIV1-0: Set thedivision ratio of clocks for internal operations (DIV1-0). Interna operationsarein
synchronization with the clock, the frequency of which is divided according to the DIV 1-0 setting. Frame
frequency can be adjusted in combination with the adjustment of 1H period (RTN 3-0). When changing the
number of drive raster-rows, adjust the frame frequency too. For details, see “ Frame Frequency
Adjustment Function”. When the RGB interface is selected, this function is not available.

DIV Bitsand Division Ratio

DIVl DIVO Division Ratio Internal Operating Clock Frequency

0 0 1 fosc/1
0 1 2 fosc /2
1 0 4 fosc/ 4
1 1 8 fosc/8

fosc = R-C oscillation frequency

Formulafor the frame frequency
fosc
Frame frequency = [HZ]
Clock cycles per raster-row x division ratio x (Line + BP + FP)

fosc: R-C oscillation frequency

Line: number of drive raster-rows (NL bit)
Division ratio: DIV bit

Clock cycles per raster-row: RTN bit

FP : the number of raster-rowsin the front porch
BP : the number of raster-rows in the back porch

EQ1-0: Equalizing period is prolonged as the number of clocks specified with EQ1-0 bits. The
equalization signal is output only with the alternating current.

EQ Bits
Equalizing period
EQ1 EQO Internal Operation RGB I/F Operation
(synchronized with the internal operating clock) (synchronized with DOTCLK )
0 0 Not equalized Not equalized
0 1 1 clock 8 clocks
1 0 2 clocks 16 clocks
1 1 3 clocks 24 clocks

SDT 1-0: Determine the amount of delay for the source output from the falling edge of the gate outpui.
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SDT Bits
Delay Time for Source Signal
SDT1 SDTO Internal Operation RGB I/F Operation
(synchronized with the internal operating clock) (synchronized with DOTCLK)
0 0 1 clock 8 clocks
0 1 2 clocks 16 clocks
1 0 3 clocks 24 clocks
1 1 4 clocks 32 clocks

Note 1) The amount of delay for the source output is measured from the falling edge of the CL1.

-t 1H period >
1

B N L B
gl

Gn

- 1H period

-y

X

EQ

Source output delay — i<—
|

equalizing period —>

1
i
: -——
1
i

Sour ce output delay and equalize period

Note 1) In internal operation and VSYNC interface modes, the reference clock is the internal operating clock.
In RGB interface modes, the reference clock is DOTCLK.
NO1-0: Specify the amount of non-overlap time for the gate output.

In theinterna operation and VSY NC interface modes, the reference clock is the internal operating clock.
In the RGB interface mode, the reference clock is DOTCLK.

NO Bits
Non-overlap time
NO1 NOO Internal Operation RGB I/F Operation
(synchronized with the internal operating clock) (synchronized with DOTCLK)
0 0 0 clock 0 clock
0 1 4 clocks 32 clocks
1 0 6 clocks 48 clocks
1 1 8 clocks 64 clocks

Note 1) The amount of non-overlap time is defined from the falling edge of the CL1.
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Gn+1

CL1

Gn

-t 1H period > - 1H period Ll

1T 1 L

|
Non-overlap period —»: |——

Non-overlap period

External Display I nterface Control (ROCh)

RIW RS

1B15 I1B14 1B13 [B12 1B11 [B10 I1IB9 IB8 IB7 IB6 IB5 1B4 IB3 B2 1B1 IBO

w

1

0

0 0 0 0 0 0 [RM 0 0 | DM1|DMO| O 0 |RIMYRIMO|

RIM1-0: Specify the RGB I/F mode when the RGB interface is selected. Specifically, this setting
specifies the RGB interface mode when it is selected by setting DM and RM bits. The setting must be
made before the display operation through the external display interface. Do not make a setting during

display.

RIM Bits

RIM1 RIMO RGB Interface Mode

0 0 18-bit RGB interface (one-time transfer/pixel)
0 1 16-bit RGB interface (one-time transfer/pixel)
1 0 6-bit RGB interface (three-time transfers/pixel)
1 1 Setting disabled

Note 1) The instruction register setting is possible only through a system interface.
Note 2) Data transmission and input of DOTCLK in the 6-bit RGB interface mode should be executed by

RGB.

Rev.0.12, May 09 2003, page 44 of 156

RENESAS




HD66789 Preliminary

DM 1-0: Specify the display operation mode. The interface through which display operation is executed is
selected with DM1-0 bits. This setting enables switching between internal clock operation and external
display interface. Switching within the external display interface modes (between RGB-I/F and VSYNC-
I/F) cannot be made.

DM Bits

DM1 DMO  Display Interface

Internal clock operation

RGB interface

VSYNC interface

0 0
0 1
1 0
1 1

Setting disabled

RM: Specify the interface for RAM accesses. RAM is accessible only through the interface specified with
RM bit. When the display datais written through RGB-1/F, set RM = 1. The RM-hit setting can be made
irrespective of the display operation mode. This means the display data can be updated through a system
interface even during the display period through RGB interface by setting RM = 0.

RM Bit

RM Interface for RAM Access

0 System interface/VSYNC interface
1 RGB interface
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Setting for external display interface control allows selecting an optimum interface for the kind of display
asfollows. When displaying a moving picture (RGB-I/F/V SYNC-1/F), the display data must be written in
the high-speed mode (HWM = 1) which enables high-speed RAM access with low power consumption.

Display state and interfaces

Display State Operation Mode RAM Access Display Operation Mode (DM1-0)
(Rm)

Still pictures Internal clock System interface  Internal clock operation

operation (RM=0) (DM1-0 = 00)

Moving pictures RGB interface (1) RGB interface RGB interface
(RM = 1) (DM1-0 = 01)

Rewrite still picture RGB interface (2)  System interface RGB interface

area while displaying (RM=0) (DM1-0 =01)

moving pictures.

Moving pictures VSYNC interface System interface  VSYNC interface
(RM = 0) (DM1-0 = 10)

Note 1) The instruction register setting is made only through a system interface.
Note 2) Switching between RGB-I/F and VSYNC-I/F cannot be made.
Note 3) The RGB-I/F mode settings is not changeable during RGB I/F operation.

Note 4) For details on the transition flow between operation modes, see the “External Display Interface”
section.

Note 5) Use the high-speed write mode (HWM = 1) during the write operation in RGB-I/F and VSYNC-I/F
modes.

Internal clock operation mode

All display operations are controlled by signals generated by the internal clock ininternal clock operation
mode. All inputs through the external display interface areinvalid. Theinternal RAM is accessible only
through a system interface.

RGB interface mode (1)

Display operation is controlled by the frame synchronization clock (VSYNC), line synchronizing signal
(VSYNC), and dot clock (DOTCLK) in the RGB interface mode. These signals must be supplied
throughout the display operation in this mode.

All display data are stored in the internal RAM, transmitted with PD17-0 bits by pixel. The combination
with the high-speed write mode and window address function enables simultaneous display of both moving
picture areas and the internal RAM area. The data are transmitted only when the screen is being updated,
thereby reducing the overall data transmission to minimum.

The periods of the front (FP) and back (BP) porches and the display period (NL) are automatically
generated in the HD66782 by counting the clock of line synchronizing signal (HSY NC) in accordance to
the frame synchronizing signal (VSYNC). Transmit pixel datawith PD 17-0 bits in accordance with the
setting specified above.
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RGB interface mode (2)

When RGB-I/F is selected, RAM data are changeable through the system interface. This write operation
must be performed while display data are not being transmitted through the RGB-I/F (ENABLE = High).
When reverting from the system interface mode to the data transmission through the RGB interface, make a
new setting for the address set and index (R22h) after changing the aforementioned settings.

VSYNC interface mode

The internal display operation is synchronized with the frame-synchronizing signal (VSYNC) inthe
VSYNC interface mode. By writing datato RAM at afixed speed on the falling edge of VSYNC, it
enables moving pictures display with asystem interface. In this case, there are some constraints in the
RAM write speed and methods. For details, see the “External Display Interface” section.

Inthe VSYNC-I/F mode, only VSYNC input isvalid. Other input signals for the externa display interface
areinvalid.

The front porch (FP), back porch (BP) periods and display period (NL) are automatically generated in
accordance to the frame synchronizing signal (VSYNC) according to the register setting of HD66789.
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Power Control 1 (R10h)
Power Control 2 (R11h)

RW RS 1B15 1B14 I1B13 [B12 [B11 IB10 IB9 1B8 IB7 IB6 IB5 IB4 B3 B2 [B1 IBO

w 1 0 |SAP2[SAP1{SAPO[ O | BT2|BT1|{BTO| O |AP2|AP1L |APO| O |DK | SLP|STB

w 1 0 0 0 0 0 [DCi12|DC11{DC1Q0 0 [DC0O2IDCOYDCO0| 0 |VC2| VCl| VvCo

SAP2-0: Adjust the amount of fixed current from the fixed current source of operational amplifier for the
source driver. When the amount of fixed current is set large, the operational amplifier will stabilize, while
the current consumption will increase. Select an optimum amount of current taking both the display quality
and the current consumption into account. During non-display operation, set SAP2-0 = “000” to halt the
operation of operational amplifier, to reduce the current consumption.

SAP Bits and the amount of current for the Op-amp

SAP2 SAP1 SAPO Op-amp Current SAP2 SAP1 SAPO Op-amp Current
0 0 0 Halt 1 0 0 1 (fixed)

0 0 1 Setting disabled 1 0 1 1.25 (fixed)

0 1 0 0.62 (fixed) 1 1 0 1.43 (fixed)

0 1 1 0.71 (fixed) 1 1 1 Setting disabled

BT2-0: Change the step-up scale of the step-up circuit. Adjust the scale according to the voltage. Smaller
scale consumes lesser current.

DC02-00: Select the operating frequency for the step-up circuit 1. The higher frequency enhances the
drive capacity of step-up circuit aswell as the display quality, while the current consumption will increase.
Adjust the frequency taking both the display quality and the current consumption into consideration.

DC12-10: Select the operating frequency for the step-up circuit 2. The higher frequency enhances the
drive capacity of step-up circuit aswell as the display quality, while the current consumption will increase.
Adjust the frequency taking both the display quality and the current consumption into consideration.

AP2-0: Adjust the amount of fixed current from the fixed current source of operational amplifier for the
liquid crystal drive power supply. When the amount of fixed current is set large, the liquid crystal drive
capacity will be enhanced and the display quality will improve, while the current consumption will increase.
Select an optimum amount of current taking both the display quality and the current consumption into
account. During non-display operation, set AP2-0 = “000” to halt the operation of operational amplifier to
reduce current consumption.

DK: Control the operation of the step-up circuit 1. When turning on the power supply, stop the start up of
VLOUT1 for amoment, and wait for an enough time until VLOUT2 is stabilized before starting up
VLOUT1. For details, seethe “Power Supply Setting Flow” section.
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SLP: When SLP =1, the HD66789 entersinto the sleep mode. In the sleep mode, internal display
operation is halted except the R-C oscillator to reduce current consumption. Only power control
instructions

(BT2-0, DC2-0, AP2-0, SLP, STB, VC2-0, VRH4-0, VCOMG, VDV4-0, and VCM4-0 hits) are executed
during the sleep mode. No change is made to the GRAM data or instructions during the sleep mode,
athough it is retained.

STB: When STB = 1, the HD66789 enters into the standby mode. In the standby mode, display operation
is completely halted, and all internal operation including the internal R-C oscillator and reception of
external clock pulse, ishalted. For details, see the “ Standby Mode” section. Only instructions to release
the standby mode (STB = 0) and to start oscillation are accepted during the standby mode. Changesin the
GRAM data or instructions during the standby mode are susceptible to destruction. These changes should
be made after releasing the standby mode.

VC2-0: Adjust the reference voltage for VLEG1OUT, VciOUT voltages to the optimum ratio of Vci.

AP2 APl APO Amount of current in operational amplifier

0 0 0 halt

0 0 1 setting disabled

0 1 0 0.5 (fixed)

0 1 1 0.75 (fixed)

1 0 0 1 (fixed)

1 0 1 1.25 (fixed)

1 1 0 1.5 (fixed)

1 1 1 setting disabled

DC02 DCO1 DCO0 Step-up circuit 1 DC12 DC11 DC10 Step-up circuit 2
step-up frequency step-up frequency

0 0 0 oscillation clock/8 0 0 0 oscillation clock/16

0 0 1 oscillation clock/16 0 0 1 oscillation clock/32

0 1 0 oscillation clock/32 0 1 0 oscillation clock/64

0 1 1 oscillation clock/64 0 1 1 oscillation clock/128

1 0 0 oscillation clock/128 1 0 0 oscillation clock/256

1 0 1 setting disabled 1 0 1 setting disabled

1 1 0 setting disabled 1 1 0 setting disabled

1 1 1 setting disabled 1 1 1 setting disabled
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BT2 BT1 BTO VLOUT1 VLOUT4 VLOUT2 output VLOUTS3 output Capacitor
output output (VGH) (VGL) connection pins
(DDVDH) (VCL)
0 0 0 Vcilx 2 Veil x -1 DDVDH x 3 - (Vcil+DDVDH x 2)  DDVDH, VGH, VGL, VCL,
x2] [x-1] [x 6] [x =5] C11#, C12+, C21+, C22+,
0 0 1 1 1 DDVDH x 3 - (DDVDH x 2) DDVDH, VGH, VGL, VCL,
[x 6] [x —4] C11t, Cl124, C21+, C224,
0 1 0 1 1 DDVDH x 3 - (Vcil+DDVDH) DDVDH, VGH, VGL, VCL,
[x 6] [x=3] C11#, C12#, C21%, C22¢,
0 1 1 1 1 Vcil +DDVDH x 2 - (Vcil+DDVDH X 2)  DDVDH, VGH, VGL, VCL,
[x 5] [x 5] C11%, C12+, C21#, C224,
1 0 0 1 1 Vcil +DDVDH x 2 - (DDVDH x 2) DDVDH, VGH, VGL, VCL,
[x 5] [x —4] C11t, Cl124, C21+, C224,
1 0 1 1 1 Vcil +DDVDH x 2 - (Vcil+DDVDH) DDVDH, VGH, VGL, VCL,
[x 5] [x=3] C11#, C12#, C21#, C224,
1 1 0 1 1 DDVDH x 2 - (DDVDH x 2) DDVDH, VGH, VGL, VCL,
[x 4] [x—4] C11#, C12#, C21+, C22¢,
1 1 1 1 1 DDVDH x 2 - (Vcil+DDVDH) DDVDH, VGH, VGL, VCL,
[x 4] [x=3] C11#, C12+, C21%

Note 1) The numerals in the bracket [ ] show the step-up scale from Vcil.

Note 2) The capacitor connection pins are step-up capacitors which are necessary for DDVDH, VCL, VGH,

VGL voltages.

Note 3) Set the voltage within the following range: DDVDH = 5.5 V (Max.), VCL = - 3.3 V (Min.),

VGH = 16.5 V (Max.), VGL = -16.5 V (Min.)

VC2 VC1 VCO Step-up circuit 1 DK  Operation of
step-up frequency step-up circuit 1

0 0 0 Vci 0 Operation

0 0 1 0.92 x Vci Halt

0 1 0 0.87 x Vci

0 1 1 0.83 x Vci

1 0 0 0.76 x Vci

1 0 1 0.73 x Vci

1 1 0 setting disabled

1 1 1 setting disabled
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Power Control 3 (R12h)
Power Control 4 (R13h)

RW RS 1B15 1B14 1B13 [B12 IB11 IB10 IB9 1B8 IB7 IB6 IB5 IB4 IB3 B2 IB1 IBO

W 1 0 0 0 0 0 0 0 0 0 0 0 |PON [VRH3|VRH2|VRH1[VRHO
VCO
W 1 0 0 MG VDV4 VDV3| VDV2 VDV1 VDVQ O 0 0 [VCM4]VCM3 VCM2IVCM1|VCMO|

PON: Start operation of VLOUT3. To stop operation, set PON = 0. To start operation, set PON = 1.

VRH3-0: Set the scale for amplifying VLOUT1 voltage (the reference voltage for VCOM and grayscale
voltage). REGP voltage is amplified by 1.33 ~ 2.775 times.

VCOMG: When VCOMG = 1, VcomL outputs a negative voltage (1.0V ~-Vci+0.5V Max.). When
VCOMG = 0, the amplifiers for the negative voltage is halted, thereby saving power consumption. When
VCOMG = 0, settings with VDV 4-0 bitsareinvalid. In this case, to adjust AC amplitude of Vcom, make
settings with VCM4-0 bits (VcomH setting). VCOMG = 1isvalid when PON = 1.

VDV4-0: Set the AC amplitude of Vcom during Vcom AC drive. The amplitude can be specified within
therange of 0.6 ~ 1.23 times of VREG1OUT. When VCOMG = 0, this setting isinvalid.

VCM4-0: Set the VcomH voltage (The higher voltage during VVcom AC drive). The voltage can be
specified within the range of 0.4 ~ 0.98 times of VREG1OUT. When VCM4-0 =*11111", the internal
volume adjustment operation is halted, and the VcomH voltage can be adjust by placing an external resistor
from VcomR.
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VRH3 VRH2 VRH1 VRHO VREG1OUT voltage

0 0 0 REGP x 1.33

REGP x 1.45

REGP x 1.55

REGP x 1.65

REGP x 1.75

REGP x 1.80

REGP x 1.85

halt

REGP x 1.90

REGP x 2.175

REGP x 2.325

REGP x 2.475

REGP x 2.625

REGP x 2.700

REGP x 2.775

RlRr|lRr|RPr]lRr|Pr|r|r|o|lo|lo|lo]o|o|o|o
Rlr|Rr|lr]lo|lo|lo|lo]lr|r|r|r]lo|lo|o
Rrlr|lo|lolr|r|o|lo]r|r|lo|lolr|r|o
rlo|lr|olr|o|r|o]lr|olr|lolr|o|r

halt
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Preliminary

vCcM4 veM3  vem2  vemi  vemo  VcomH vDv4 vDvd vDv2 vbvi  vbvo Vcom amplitude
0 0 0 0 0 VREG1OUT x 0.40 0 0 0 0 0 VREG1OUT x 0.60
0 0 0 0 1 VREG1OUT x 0.42 0 0 0 0 1 VREG1O0UT x 0.63
0 0 0 1 0 VREG10OUT x 0.44 0 0 0 1 0 VREG10OUT x 0.66
0 1 1 0 0 VREG1OUT x 0.64 0 1 1 0 0 VREG1OUT x 0.96
0 1 1 0 1 VREG1OUT x 0.66 0 1 1 0 1 VREG1OUT x 0.99
0 1 1 1 0 VREG1OUT x 0.68 0 1 1 1 0 VREG1OUT x 1.02
0 1 1 1 1 Halt internal volume. 0 1 1 1 1 Setting disabled
Adjust with a variable
external resistor from
VcomR.
1 0 VREG1OUT x 0.70 1 0 0 0 0 VREG1OUT x 1.05
1 VREG1OUT x 0.72 1 0 0 0 1 VREG1OUT x 1.08
1 0 0 1 0 VREG1OUT x 0.74 1 0 0 1 0 VREG1OUT x 1.11
1 0 0 1 1 VREG1O0OUT x 1.14
1 1 1 0 0 VREG1OUT x 0.94 1 0 1 0 0 VREG1OUT x 1.17
1 1 1 0 1 VREG1OUT x 0.96 1 0 1 0 1 VREG1OUT x 1.20
1 1 1 1 0 VREG1OUT x 0.98 1 0 1 1 0 VREG1OUT x 1.23
1 1 1 1 1 Halt internal volume. 1 0 1 1 Setting disabled
Adjust with a variable
external resistor from
VcomR. 1 1 * * * Setting disabled
Note 1) Adjust VREG1OUT and VCMO0-4 to set VcomH the same level as VDH or less.
Note 2) Adjust VREG10OUT and VDVO0-4 to set the amplitude of Vcom 0.6V or less.
RAM Address Set (R21h)
RW RS IB15 1B14 IB13 IB12 IB11 IB10 B9 IB8 |B7 IB6 IB5 IB4 1B3 IB2 1B1 IBO
W 1 AD | AD (AD | AD | AD |AD (AD | AD | AD | AD | AD |AD | AD |AD | AD | AD
15 14 (13 [ 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0

AD15-0: Makethe initial setting of GRAM address in the address counter (AC). After GRAM data are
written, the address counter is automatically updated according to the settings with AM, 1/D bits and the
setting for anew GRAM address is not required in the address counter. Therefore, data are written
consecutively without resetting the address. The address counter is not automatically updated when data
areread out from GRAM.

GRAM address setting can not be made during the standby mode. An address set should be made within
the area specified with the window address.

When the RGB interfaceis selected (RM = 1), the setting of the address for AD15-0 is made every frame at
the falling edge of VSYNC. When the internal clock operation or VSYNC interfaceis selected (RM = 0),

the setting of the address is made when the instruction is executed.
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GRAM Address Range

AD15-ADO0 GRAM Setting
“0000"H — “00AF’H Bitmap data for G1
“0100"H - “01AF’H Bitmap data for G2
“0200"H - “02AF’H Bitmap data for G3
“0300"H — “03AF"H Bitmap data for G4
“ECO0"H — “ECAF’H Bitmap data for G237
“EDOO’H — “EDAF’H Bitmap data for G238
“EEOO0"H — “EEAF’H Bitmap data for G239
“EFO0"H — “EFAFH Bitmap data for G240

Write Datato GRAM (R22h)

R I I I I I I I I I I
Wi 1 RAM write data (WD17-0) The pin assignment for DB17-0 varies for each interface (see below).
| | | | | | | | | | | | |
PD17 PD16 PD15 PD14 PD13 PD12 PD11 PD10 PD9 PD8 PD7 PD6 PD5 PD4 PD3 PD2 PD1 PDO
RGB-I/F WD | WD |wD (wD |WD |WD |WD [WD |WD (WD |WD | WD |WD | WD | wD| WD [ WD | WD
mode: 17 16 | 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

WD17-0: All data are expanded into 18 bits internally before written to GRAM. Each interface hasits
own way of expanding data to 18 hits.

The grayscale level is selected according to GRAM data. The addressis automatically updated according
to the setting with the AM and I/D bits after data are written to GRAM. During the standby mode, no
accessis alowed to GRAM. When 8 or 16 hit interface modes is selected, the datain the MSB of R and B
pixels are aso written to the LSB of R and B pixels respectively to expand the 8/16- bit data into the 18bit
datainternally.

During the RGB interface mode, when writing datato RAM through a system interface, make sure to avoid
conflicts between writing through the RGB interface and writing through the system interface.

When the 18-bit RGB interface is selected, thel8-bit datain PD17-0 bits are written, and 262,144 colors are
available. When the 16-bit RGB interface is selected, the datain the MSB of R and B pixels are al'so
written to the LSB of R and B pixels respectively, and 65,536 colors are available.
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18-bit interface(262,144 colors)

INPUT | DB| DB DB| DB| DB| DB| DB | DB| DB| DB| DB|DB | DB| DB | DB | DB | DB | DB
17| 16| 15| 14| 13| 12| 11| 10 9 8 7 6 5 4 3 2 1 0

Write Data
to GRAM | WD[ WD | WD [ WD [ WI

15 14| 1311

S
=
S
=
S

WD | WD |WD|WD|WD|WD|WD|WD| WD|WD| WD
10 9 8 7 6 4 3 2

=
=)

)

YV VV V V V V V V V V V V V V V VY

. RGB R5 | R4 | R3 |R2 [R1 RO | G5 | G4 |G3 | G2 |G1 | GO | B5 [B4 | B3 [B2 | B1 |BO
Assignment
one pixel
16-bit interface (65,536 colors)
INPUT (DB| DB| DB| DB| DB| DB | DB | DB DB| DB | DB | DB ( DB | DB | DB | DB
171 16| 15| 14| 13| 12| 11 10 8 7 6 5 4 3 2 1

AN

A A 4
WD| WD| WD| WD| WD| WD| WD | WD | WD
131 12 11| 10 9 8 5

>
«
d
«
>
«
>
«
o

Write Data
to GRAM

33
53
53
23

RGB |R5 | R4 | R3 [R2 [R1 |RO | G5| G4 [G3|G2|G1|Go|[B5(|B4|B3|B2]|B1|BO
Assignment

one pixel

9-bit interface (262,144 colors)

1st Transmission (Upper) 2nd Transmission (Lower)

- 1 1

INPUT | pg| pB| DB| DB| DB| DB| DB| DB| DB| DB | DB | DB | DB | DB | DB | DB | DB | DB
17| 16| 15| 14| 13| 12| 11| 10| 9 |17 |16 [15 [ 14 |13 |12 |11 [10]| 9

V VV V V V V V V V V V V VYV V VYV VY
Write Data [ WD| WD WD| WD| WD| WD [ WD | wD| WD | WD | WD | WD | WD | WD [ WD | WD | WD | WD
toGRAM | 17| 16| 15| 14| 13| 12| 11| 10 9 8| 7| 6| 5[ 4| 3| 2] 1]0

V VV V V V V VYV V VYV VYV VYV VvV VY VY Y VX

_ RGB | rs | Ra | R3 [R2 [R1 | RO | G5 | Ga|G3| 2|61 |co|Bs|Ba|B3|B2]|8B1]|BO
Assignment

one pixel

Writedatato GRAM: Bit assignment
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8-bit interface (65,536 colors) TRI = 0, DFM1-0 = 00

1st Transmission (Upper) 2nd Transmission (Lower)
1
INPUT | DB | DB | DB | DB | DB | DB | DB | DB DB| DB | DB | DB | DB | DB | DB | DB
171 16| 15| 14 | 13| 12 | 11 10 17| 16| 15 14 | 13 12 | 11 10

¢ V V V.V V V VY V¢

WD| WD| WD| WD| WD| WD| WD|WD| WD| WD| WD | WD
16 1 1831 12 11| 10 9 8 7 6 5

l
>
«
«
>

Write Data
to GRAM

33
~3
=
o
=
o
=
o
=
o

o
IS

V V.V V V V V V V V V V V V V V V X

~ RGB [R5 | R4 [R3|R2 |R1 |RO |G5|Ga|G3|c2|c1|co|B5]|B4|B3|B2|B1][BO
Assignment

one pixel

8-bit interface (262,144 colors) TRI =1, DFM1-0 = 10

1st Transmission 2nd Transmission, 31 Transmission
-1 - 1

INPUT | pB| DB| DB | DB| DB|DB|DB|DB| DB| DB| DB|DB | DB| DB|DB | DB | DB | DB
17| 16| 15[ 14 |13 | 12| 17| 16| 15| 14| 13| 12| 17| 16| 15| 14| 13 | 12

Write Data | WD| WD| WD
to GRAM 16| 15

=
[S]

WD| wD| wD| WD| WD| WD| WD | WD|wWD|WD|WD|WD|WD|WD
13 12 11 10] 9| 8 4

-
J
-
N

V V.V V V V V V V V V V V V V V V X

. RGB |r5 | R4 | R3|R2 |R1 |RO|G5|Ga|G3|G2|G1|Go|B5|B4|B3|B2|B1|B0O
Assignment

One pixel
8-bit interface (65,536 colors) TRI =1, DFM1-0 = 11

1st Transmission 2nd Transmission 3rd Transmission
—_— —

INPUT (pB| DB| DB | DB| DB| DB |DB | DB | DB| DB| DB|DB | DB| DB|DB | DB | DB | DB
17| 16| 15|14 |13 | 12| 17| 16| 15] 14| 13| 12| 17| 16| 15| 14| 13 | 12

Write Data | WD WD| WD| wD| WD| WD| WD| WD| WD| WD | WD WD|WD| WD | wWD|wD|wD|WD
toGRAM | 17| 16| 15| 14| 13| 12| 11|10 9| 8 | 7 [ 6 | 5| 4

w
N
-
o

YV VV V V V V V V V V V V V VvV VYV Y

~ RGB |R5 R4 |R3|R2 |R1 |RO|G5|Ga|G3|G2|G1|Go|B5|B4|B3|B2|B1]|BO
Assignment

One pixel

Writedatato GRAM: Bit assignment
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18-bit RGB interface (262,144 colors)

inpuT [ PD] PD] PD] PD[ PD| PD | PD] PD| PO[ PD] PD] PD] PD] PD| PD[ PD] PD | PD
17| 16| 15| 14| 13| 12| 11| 10| o 8| 7| 6] 5| 4| 3| 2] 1]0

y V. V X y V A y VvV Y y V. V X A
Write Data | wD| WD| WD| WD| WD| WD| WD| Wb| WD| wb| WD| WD| WD| wD| WD| WD| wD| WD
to GRAM | 17| 16| 15| 14| 13| 12| 11| 10| 9| 8| 7| 6| 5| 4| 3| 2| 1 0

YV VYV V V V VYV VvV Y VY YV VY VYYVYYVYY

RGB |R5 |R4 |R3|R2 |R1 |Ro|G5|G4|G3|G2|G1|Go|B5|B4|B3|B2|B1]|B0
Assignment

One pixel

The index register should be set when data is written in RGB-I/F mode.

16-bit RGB interface (65,563 colors)

INPUT | pp| PD| PD| PD| PD po|po|Po|PD|PD|PD|PD|PD[PD|PD|PD
17| 16 15| 14| 13 111098 7]|6|5|a]|3]2]1
VVYV VY V VYV VV V V V V V X

Write Data | wb| wb| wp| wb| wb p| wo| wo| wo| wp| wb|wb|wb|wb|wb|wb
toGRAM [ 17| 16| 15| 14| 13 1m|10| o8| 7]|6]5|af3]|2]n
YV VVVY ¢ Y VY VY VY YVYYYVYYY ¢

~ RGB |Rs| R4 [R3|R2 |R1|RO|G5|Ga|G3|G2|G1|Go|B5|B4|B3|B2]|B1|BO
Assignment

One pixel
The index register should be set when data is written in RGB-I/F mode.

6-bit RGB interface (262,144 colors)

1st Transmission 2 Transmission, 31 Transmission
—T —

INPUT [pp| PD[PD| PD| PD|PD|PD|PD|PD|PD|PD|PD|PD|PD|PD|PD|PD |PD
17| 16| 15|14 |13 | 12| 17 [ 16| 15| 14| 13| 12| 17| 16| 15| 14| 13 | 12

Write Data | WD
to GRAM

=
S
2
S
=
S
=
S

WD| wD| wD| WD| WD| wD| WD | WD| WD|WwWD|WD|WD|WD
1211|101 9 8| 7| 6| 5] 4| 3] 2

3
o
o
N
S
w

Yy V V V V V V V V V V V V V V Y VY

. RGB |Rs | R4 |R3|R2 [R1 |RO|G5|Ga|G3|G2|G1]|co|B5|B4a|B3|B2]B1|BO
Assignment

One pixel

The index register should be set when data is written in RGB-I/F mode.

Writedatato GRAM (RGB interface): Bit assignment
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GRAM data settings Grayscale GRAM data settings Grayscale
RGB Negative Positive RGB Negative Positive
000000 VO V31 100000 V16 V15
000001 (VO-V1)I2 (V30-V31)/2 100001 (V16-V17)/2 (V14-V15)/2
000010 V1 V30 100010 V17 V14
000011 (V1-V2)2 (V29-V30)/2 100011 (V17-V18)/2 (V13-V14)12
000100 V2 V29 100100 V18 V13
000101 (V2-V3)/2 (V28-V29)/2 100101 (V18-V19)/2 (V12-V13)/2
000110 V3 V28 100110 V19 V12
000111 (V3-V4)/2 (V27-V28)/2 100111 (V19-V20)/2 (V11-V12)/2
001000 V4 V27 101000 V20 V11
001001 (V4-V5)/2 (V26-V27)/2 101001 (V20-V21)/2 (V10-V11)/2
001010 V5 V26 101010 V21 V10
001011 (V5-V6)/2 (V25-V26)/2 101011 (V21-V22)/2 (VO-V10)/2
001100 V6 V25 101100 V22 V9
001101 (V6-V7)/2 (V24-V25)/2 101101 (V22-V23)/2 (V8-V9)/2
001110 V7 V24 101110 V23 \%:]
001111 (V7-V8)/2 (V23-V24)/2 101111 (V23-V24)/2 (V7-v8)12
010000 V8 V23 110000 V24 V7
010001 (V8-V9)/2 (V22-V23)/2 110001 (V24-V25)/2 (V6-V7)I2
010010 V9 V22 110010 V25 V6
010011 (VO-V10)/2 (V21-V22)/2 110011 (V25-V26)/2 (V5-V6)I2
010100 V10 V21 110100 V26 V5
010101 (V10-V11)/2 (V20-V21)/2 110101 (V26-V27)/2 (V4-V5)/2
010110 V11 V20 110110 V27 V4
010111 (V11-V12)/2 (V19-V20)/2 110111 (vV27-V28)/2 (V3-V4)2
011000 V12 V19 111000 V28 V3
011001 (V12-V13)2 (V18-V19)/2 111001 (V28-V29)/2 (V2-V3)i2
011010 V13 V18 111010 V29 V2
011011 (V13-V14)12 (V17-V18)/2 111011 (V29-V30)/2 (V1-V2)2
011100 V14 V17 111100 V30 V1
011101 (V14-V15)/2 (V16-V17)/2 111101 (V30-V31)/2 (VO-V1)I2
011110 V15 V16 111110 (V30-V31)/3 (VO-V1)/3
011111 (V15-V16)/2 (V15-V16)/2 111111 V31 VO

GRAM dataand LCD output level

Rev.0.12, May 09 2003, page 58 of 156

RENESAS




HD66789 Preliminary

RAM Accessthrough RGB-I/F and System I/F

The HD66789 writes al display data on the screensto the internal RAM. This enables the transfer of only
the data for the moving picture area as well as for the frames for updating screens through the RGB
interface. By writing data in the high speed write mode (HWM = 1) and with the window address function,
the HD66789 enables a high-speed access to RAM with low power consumption while displaying moving
pictures. In the frames other than the moving picture screen update, the display data in the area other than
the moving picture area can be updated through a system interface.

The RAM accessis also possible through a system interface even in the RGB-1/F mode. Inthe RGB
interface mode, data are written to RAM in synchronization with the DOTCLK during ENABLE =*“Low”.
When writing datain the RGB-I/F mode through the system interface, it is necessary to set the ENABLE
“High” to stop writing through the RGB interface. After accessing to RAM through the system interface,
wait an enough time for the write/read bus cycle before starting accessing to RAM through the RGB
interface. When RAM accesses through the RGB and system interfaces conflict, there will be no guarantee
that data are properly written to RAM.

Updating Updating

(both panels) (both panels,
b I b L I U
ENABLE
DOTCLK I I | I
PD17-0 XXXXXXX XOOCOK

Setting of index

- RM=0 Setting Index Updating of area RM=" Setting Index
Ind
System interface of R22 other than moving of R22
address picture area address

-t > < >
Updating or moving Updating still picture area*1 Updating or moving
picture area picture area

- »
< I

Note 1) When RGB-I/F is selected, the address setting is made at every falling edge of VSYNC.
Note 2) The address set and the index set must be made before the RAM access throught the RGB interface.
Note 3) The high-speed write mode should be used in RGB-I/F and VSYNC-I/F modes.

20010101 00:00 ] I

Still picture area

Moving picture area

[=1>]

Updating Still Picture Area during Displaying a Moving Picture
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Read Data Read from GRAM (R22h)

RIW RS

I I I I I I I I I | I I
R 1 RAM Read data (RD17-0) The pin assignment for DB17-0 varies for each interface (see below).
| | | | | | | | | | | | |

RD17-0: Read 18-hit datafrom GRAM. The hit assignment for the data that are read out from GRAM is
different according to the interface.

When data are read out from GRAM to the microcomputer, the first word read immediately after GRAM
address set are latched in the internal read-data latch, and thereby the data in the data bus (DB17-0) are
nullified. The second word isread asvalid data. When the HD66789 performs an internal bit processing,
such as logical operation, the data latched in the read-data latch are used to complete it by single read out
operation. The data are expanded internally into 18 bits before going through the logical operation. When
the 8-/16-bit interfaces are selected, GRAM datain the LSBs of R and B pixels are not read out. This
function is not available in the RGB interface mode.

18-bit interface

GRAM data R5| R4| R3|R2|R1| R0O| G5| G4| G3| G2| G1| GO B5| B4 | B3| B2| B1| BO

One pixel

A Yy Vv A A A A A A Yy V A A A A
Read |rp [RD|RD|RD |RD|[RD|RD|RD|RD|RD|RD|RD|RD|RD|RD|RD|RD|RD
data |17 (16| 15| 14| 13| 12| 11|10| 9| 8| 7| 6| 5| 4|3|2]1]0

A AR y V V V V V VY A 4

Output (DB (DB (DB |DB |DB|DB|DB|DB|DB|DB|DB | DB|DB|DB|DB | DB| DB| DB
17116 (1565|1413 |12 11|10 9 | 8| 7| 6| 5| 4| 3| 2 1 0

l
d
l
«
>
«
«

Read data from GRAM: Bit assignment
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16-bit interface

GE’;{\; R5[ R4[ R3|R2 [R1 [ RO| G5 G4| G3| G2 G1| GO| B5| B4 | B3| B2| B1| BO
One pixel

V V V V V V VYV Y l l Y YV VYV VY Y VYV VYYV

Read |Rp | RD | RD [RD |RD| RD|RD|RD | RD|RD|RD | RD| RD|RD|RD | RD| RD| RD

data| 47 16| 15|14 |13 [ 12|11 |10 9o | 8| 7| 6| 5| 4| 3| 2 1 0
V.V V VY V. V V V V V V X
Output| DB (DB | DB | DB | DB [ DB [ DB | DB DB | DB | DB |DB |DB| DB | DB | DB
17116 (15 14| 13 (12| 11| 10 8| 7|6 ([543 ]|2 1

9-bit interface

GRAM
data

V. V V.V Y
Read |pp [RD [RD|RD |RD|RD|RD|RD RD | RD|RD| RD|RD|RD| RD|RD
data |47 |16 | 15|14 | 1312|1110 9|8 | 7|6 |5]|4]|3]|2]1]0

YV VYV V V V VvV V VYV VvV VYV Y Y Y Y Y VY YVYVY

Output |DB (DB | DB (DB (DB (DB |(DB|(DB|DB|DB (DB (DB (DB (DB DB (DB | DB | DB
17116 (15 (14113121110 9 (17 |16 |15 (14 |13 |12 (11 (10| 9

|—1S' Transmission—l—Z”d Transmission

(Upper) (Lower)
8-bit interface / SPI

GRAM

data R5| R4| R3|R2 |R1 | R0O| G5| G4| G3| G2| G1| GO | B5| B4 | B3| B2 | B1| BO

One pixel

VVVVVVVViiVV‘
RD | RD

A
Read |Rrp|RD|RD|RD|RD|RD|RD|RD RD |RD|RD|RD|RD|RD|RD| RD
data |47 | 16 9|8 |7 4

YV V V.V Y / V V V V V V V VY

N
N
3
N
>
N
w
N
N
N
N
N
o
o
o

DB |DB|DB|DB (DB | DB | DB | DB DB |DB|DB|DB (DB | DB | DB | DB
Output | 47 [ 16| 15| 14 [ 13| 12| 11| 10 17 (16| 15| 14| 13| 12| 11| 10
|—15‘ Transmission—l—Z"d Transmission—,
(Upper) (Lower)

Read data from GRAM: Bit assignment
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First word

Second word

First word

Second word

Set the I/D, AM, HSA/HSE, and
VSA/VEA bits

v

Address: N set

v

Dummy read (invalid data)
GRAM »>Read-data latch

v

Read (data of address n)
Read-data latch >DB17-0

v

Address: M set

v

Dummy read (invalid data)
GRAM >Read-data latch

v

Read (data of address n)
Read-data latch >DB17-0

i) Read data to the microcomputer

First word

Second word

First word

Second word

ii) Logical arithmetic operacion inside HD66789

Set the I/D, AM, HSA/HSE, and

VSA/VEA bits

Address: N set

v

Dummy read (invalid data)
GRAM >Read-data latch

v

Write (data of address n)
DB17-0 >GRAM

v

Automatic address update: N +o |

v

Dummy read (invalid data)
GRAM >Read-data latch

v

Write(data of address n)
DB17-0 >GRAM

GRAM read sequence
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RAM Write Data Mask (R23h)
RAM Write Data Mask (R24h)
RW RS IB15 IB14 1B13 [B12 IB11 IB10 IB9 B8 IB7 IB6 IB5 IB4 B3 IB2 Bl IBO
wl 1 ol o [WM WM WM |WM|WM {wM| o | o [WM|wm | WM| WM WM |wm
1m|w0f9 |8 |76 5 14| 3| 2110
WM | WM |WM [ WM | WM | WM
w1 opop oy 0op o 111 00 1iy7 s |15 |14 13]12

WM 17-0: Write-mask the data when they are written to GRAM by bit. For example, if WM17 = 1, the
WM 17 write-mask the MSB of the data to write to GRAM so that the datain the MSB are not written to

GRAM. Therest of WM 16-0 bits also write-mask the data in the corresponding bits when these bits are set

to“1”. For details, see the “Graphics Operation Function” section.

The WM 17-0 bits write-mask the data to write to GRAM, which are expanded, if necessary, into 18 hits.
This function is not available in the RGB-1/F mode.

Write mask | WM[ W[ vl wa| v wima | v wia | wia | wia [ wive [ wie [wi [ wi | wi [wm | wm | wim
17| 16| 15| 14| 13| 12| 11|10 9| 8| 7|6 |5 4|3]|2]1]0
V VY VY VY VYV VY VY VY VY Y VY VYV YV _ X
Wfitedeaéiﬁ R5 |R4 |R3 |R2 |R1 [RO |G5 |G4 |G3 |G2 [G1 |Go |B5 | B4 |B3 |B2 [B1 [BO

One pixel

RAM write data mask
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v Control (R30h to R39h)

R/W RS 1B15 IB14 I1B13 IB12 IB11 IB10 I1B9 B8 IB7 I1B6 IB5 B4 IB3 B2 IB1 IBO

PKP |PKP [PKP PKP |PKP | PKP
R30 [ W | 1 oo o jo o | Tl lofolofo]o {lorlon
PKP |PKP [PKP PKP |PKP | PKP
R31 | W | 1 o |o 0 {0 [0 | 5 la0 O[O0 |0 (2]
PKP |PKP [PKP PKP |PKP | PKP

1
R31 | W o|o 0 10 |0 |y a1 ls0 O |0 O[O |0 || atl|a0
PRP |PRP [PRP PRP |PRP | PRP

1
R33 | W OO O OO T2 [t fao[® |2 ]° 9] 02]01]00
PKN| PKN PKN PKN | PKN|PKN
Raa | W | 1 of| o oL ot oS Tl a0l Ol ol o) o] ooz | o1l o0
PKN | PKN[PKN PKN| PKN| PKN
R3s | W[ 1 oo ol o o TS sl ool ool ol a0
ol o PKN | PKN[PKN PKN| PKN| PKN
Rae |W | 1 01 0] %) ea] 5150 @] O] O] O1 9 4o ar] a0
PRN [ PRN|PRN PRN [PRN [ PRN

ol o

Ra7 | W |1 OO O a2 4110|9999 o201 o0
R38 W | 1 ol o | o |VRP|VRPIVRPVRP|VRP| olo | o |VRP|VRP|VRP|VRP
14 113 [ 12 | 11 | 10 03| 02| 01| 00
R39 VRN| VRN|VRN [VRN |VRN 0 VRN |VRN [VRN [VRN
W10 ]0 [0 [4g]13 |12 |11 |10 |0 0 10 |03 020100

v Control Instructions

PKP52-00 : They fine adjustment registers for positive polarity.
PRP12-00 : They gradient adjustment registers for positive polarity.
PKN52-00 : They fine adjustment registers for negative polarity.
PRN12-00 : They gradient adjustment registers for negative polarity.
VRP14-00 : The amplitude adjustment registers for positive polarity.
VRN14-00 : The amplitude adjustment registers for negative polarity.

For details, see the “y adjustment” section.
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Gate Scan Position (R40h)
RW RS 1B15 IB14 1B13 IB12 IB11 IB10 B9 B8 |B7 IB6 IB5 IB4 IB3 IB2 Bl IBO
w | 1 ol o|]of|olfo 0| 0] 0 | 0| 0| O|SCN4|SCN3|SCN2|SCN1|SCNO

SCNA4-0: Specify the position where the gate driver scan starts. Make an optimum setting for the gate

driver in use.

SC Bitsand Gate scan start position

Scan Start Position

SCN4 SCN3 SCN2 SCN1 SCNO GS=0 GS=1
0 0 0 0 0 Gl G240
0 0 0 0 1 G9 G232
0 0 0 1 0 G17 G224
0 G209 G32
G217 G24
1 1 0 0 G225 G16
G1 G1
G57
G176
G240 G232
GS=0 GS=0
NL = 10101 NL = 10101

Note: Set the value “NL + end position of the gate scan” does not exceed 240 raster-rows or more.

SCM4-0 = 00000

SCM4-0 = 00111
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Vertical Scroll Control (R41h)

RW RS 1B15 1B14 [B13 1B12 IB11 IB10 B9 IB8 1B7 IB6 IB5 1B4 IB3 B2 IB1 1BO

w 1 0 0 0 0 0 0 0 0 |[vL7| VvL6| VL5| VL4 |VL3 |VL2 [VL1| VLO

VL 7-0: Specify the number of raster-rows that are scrolled and control smooth scrolling in the vertical
direction. The number of raster-rowsis specified from O to 240. The raster-rows of the specified number
are scrolled during display. When the 240th raster-row is displayed, the scrolling display starts afresh from
the 1st raster-row. The number of raster-rows that are scrolled (VL 7-0) can be specified when the first
screen vertical scroll enable bit VLEL = 1 or the second screen vertical scroll enable bit VLE2=1. The
number of raster-rowsis fixed (not changeable) when VLE2-1 = 00. Thisfunction isnot available in the
external display interface mode.

VL Bitsand Display-start Raster-row

VL7 VL6 VL5 VL4 VL3 VL2 VL1 VLO Amountof Scrolling (Number of raster-row)

0 0 0 0 0 0 0 0 raster-row

0 0 0 0 0 0 0 1 1 raster-row

0 0 0 0 0 1 0 2 raster-rows
1 1 1 0 1 1 1 0 238 raster-rows
1 1 1 0 1 1 1 1 239 raster-rows

Note: When setting the number of raster-rows for scrolling, it must be 239 or less.

1st-Screen Drive Position (R42h)
2nd-Screen Drive Position (R43h)

RW RS 1B15 IB14 [B13 IB12 IB11 IB10 IB9 IB8 IB7 IB6 IB5 [B4 IB3 B2 IB1 IBO

W 1 SE17| SE16| SE15| SE14| SE13| SE12| SE11| SE10| SS17 | SS16 | SS15 [ SS14| SS13 | SS12 | SS11 | SS10

W 1 SE27| SE26| SE25| SE24| SE23| SE22| SE21| SE20| SS27 | SS26 | SS25| SS24 | SS23 | SS22 | SS21 | SS20

SS17-10: Specify the start position for driving the first screen by line. Theliquid crystal is driven by from
the gate driver of “the set value + 1”.

SE17-10: Specify the end position for driving the first screen by line. Theliquid crystal is driven by to the
gate driver of “the set value + 1”. For instance, when SS17-10 = “07"H and SE17-10 = “10"H, theliquid
crystal isdriven from G8 to G17, and black display is driven from G1 to G7, and G18 thereafter. Make
sure that SS17-10 < SE17-10 < “EF'H. For details, see the “ Screen-split Drive Function” section.
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SS27-20: Specify the start position for driving the second screen by line. Theliquid crystal is driven by
from the gate driver of “the set value + 1”. The second screen is driven when SPT = 1.

SE27-20: Specify the end position for driving the second screen by line. Theliquid crystal is driven by to
the gate driver of “the set value + 1”. For instance, when SPT = 1, and SS27-20 = “20"H, SE27-20 =
“4F"H, the liquid crystal is driven from G33 to G80. Make sure that SS17—-10 < SE17-10 < SS27-20 <
SE27-20 <“EF’H. For details, see the “ Screen-split Drive Function” section.

Horizontal RAM Address Position (R44h)
Vertical RAM Address Position (R45h)

RW RS 1B15 1B14 1B13 IB12 [B11 IB10 B9 1B8 IB7 1B6 IB5 B4 IB3 1B2 IB1 IBO

W 1 ||HEA7|HEAGHEAGHEA4HEA3HEAQ HEALHEAO|HSA 7| HSAG HSAS HSA4 HSA3[HSA2|HSA1{HSAO

W 1 ||VFA7|VEAVFARVFA4VFAIVFAAVEATVFEAQIVSA7 VSAGRVSARVSAYVSAIIVSA2IVSAT|VSAQD

HSA7-0/HEA7-0: Specify the start/end positions of the window-address range in the horizontal direction
by address. Data are written to GRAM within the area determined by the addresses specified by HEA7-0
and HSA7-0. These addresses must be set before RAM write. In setting these bits, make sure that “00”h <
HSA7-0 < HEA7-0<“AF’h.

VSA7-0/VEAT-0: Specify the start/end positions of the window-address range in the vertical direction by
address. Data are written to GRAM within the area determined by the addresses specified by VEA7-0 and
VSA7-0. These addresses must be set before RAM write. In setting these bits, make sure that “00”h <
VSA7-0< VEA7-0<“EF’h.

HSA HEA
0000h ! !
I 1
VSA  |ommmmmeo ; !
Window Address
Window address setting area
“00"h=<HSA7-0=<HEA7-0=<"AF"h
“00"h=<VSA7-0=<VEA7-0=<"EF’h
VEA |
GRAM address space EFAFh

Note 1) The window address area is set within the GRAM address space.

Note 2) In the high-speed write mode, data are written to the GRAM every four words.
Therefore, depending on the window address setting, dummy write operations
are required. For details, see the "High-Speed Burst RAM Write Function" section.

Note 3) The address set must be within the window address area. In the high-speed
write mode, dummy write area must also be within the window address area.

GRAM address area and window-address range
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Instruction List (T.B.D.)

i Category Sub Category Upper Cods Tower Code
Upper indd Command 1815 | 1814 | 1813 | 1812 | 1811 | 1810 [ 1BO | 188 | IB7 | 186 | IBS | 1B4 | 1B3 | 1B2 | IB1 | 1BO Nete
- Index Index N N N N - N N N N D6 1D5 1D4 D3 1D2 D21 1D0
SR Status Read Status Read 7 [ 16 | 15 [ & | 13 [ 12| i [0 0 [ 0 0o 0] 0ol ol oo
0 Display Control 00h Oscillation Start N - - * - N N - N N N - N N - 1
Device Code Read 0 [ o [ o [ oo [« 7 ] T o [ o [ o[t [ o o1 789
VSPL [ HSPL| DPL | EPL | SM | GS | §S N [ N3 | NLZ | NLT | NLO
Oth | DriverOutputContel | 0 | o o lo ] olololol ® %0 ]loglmlolonlan
FLD | FLDO| BIC | EOR NW5 [ NWa | NW3 | NW2 [ NWT | NWo
2h LCD A( ]
o €D AC driving Control | 0 o | o ‘Sl olalolol® ® 0 0 |l @] o] oo
03h Entry Mode TRI | DFM1 | DFMO [ BGR 0 0 HWM 0 0 0 D1 DO AM LG2 LG1 LGO
id ol ol olo © alnlolololo
04h Compare Register (1) 0 0 CP11 [ CP10 | CP9 CP8 CPT CP6 0 0 CP5 CP4 CP3 CcP2 CP1 CPO
(0) (0) (0) (0) (0) (0) 0; (0] 0) 0] 0) 0)
CP17 [ CP16 | CP15 | CP14 | CP13 | CP12
osh | compareRegiter @ | 0 | 0 | o [0 [ o o [0 |0 | o] o T[T TE0 %%
06h Setiing Disabled
- PTT [ PTO | VLEZ | VLET | SPT GON | DTE | CL | REV | DT | DO
orh Display Control (1) 0 0 ‘lololololonl?® 0 o o] ol o] o] o
- FP3 | FP2 | FP1 | FPO BP3 | BP2 | BP1 | BPO
|
- Dy Conte @) = 2 2 z O O 0 0 2 2 PT0G1 F'TOGD |§:)3 |é%lz \s(uc'w |é%)n
osh Display Control (3) o J ol oo ofo]o] o o] o [Pl S]]
0 Seliing Disabled
ogn_| Frame Cycle Adustment | NOT | NOU | SDT1 | SDTO | EQT [ EQ0 | DIVI | DIVO [ oo o | o | RTN3 | RTNZ | RTNT | RTNO
onirol olololololol ol o olol ol o
External Display Interface RM DM1 DMO RIM1 | RIMO
och trol ofojo ool ololol®f%lolal®l®lolo °
0Dh Setting Disabled
OEh Setting Disabled
OFh Setting Disabled 0
N SAPZ | SAPT | SAPO B12 | 511 | BTO APZ | APT | APO OK | SLP | 516
1 Power Control 10 Power Control (1) 0 o o | o 0 o 0 0 0 o o o 0 ml ol o
DC12 [ BCIT| DCT0 BCo2 | DCOT | D00 ez [ VeT | Voo
11h P I (2)
over Control (2) efejolol el nlolol’lolo ) °lololao
PON | VRH3 [ VRH2 | VRH1 | VRHO
]
12n Power Conirol (3) o [ o] of o] o o]0 oo [o]| o |[oNVEEIVEEVERVE 0
VCOM| VDV4 [ VDV3 | VDV2 | VDV1 [ VDVO VCM4 [ VCM3 | VCM2 [ VCM1 | VCMO
13h Power Control (4) 0 0 clolololologl?® 0 ‘lololololoe
4 etting Disablec
elfing Disal
etting Disable
etting Disable
etting Disable
etting Disable
0 elting Disable
1Bh etting Disable
1Ch etting Disablec
1Dh etting Disable
TEh etting Disable
1Fh etting Disablec
2 RAM Access 20h etting Disablec
AD15 | AD14 | AD13 | AD12 [ AD11 | AD10 | AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2 AD1 ADO
2 RAM Address Set ololololoaloalolololololololololo °
22h | RAM data Write/Read RAM WD17-0 /RAM (RD17-0)
WNTT WO WO | WME | W7 | WG WO
23h | RAM Write Data Mask (1) | 0 0 ol ol ol ol ol o 0
24h | RAM Write Data Mask o | o 0 w‘ng: 2 0
75h etting Disablex T
26h etting Disable I
27h etting Disable
28h elting Disable
25h etting Disable
2Ah etting Disable |
2Bh etting Disable I
2Ch etting Disable
2Dh elting Disablec '
2Eh etting Disable
2Fh etting Disablec
N v PKP12| PKP11[PKP10! PKPOO|
3 ¥ Control 30h Y Control (1) 0 0 o 0 0 0) 0) 0
- PKP32|PKP31| PKP30 PKP20
31h ¥ Control (2) o 0 o o 0 () () () () 0
P PKP52| PKP5T| PKP50 PKP40
32h Y Control (3) o | o | o | o | o [PRER[PRNPEE o 0
PRP12|PRP11[PRP10 PRPOO
330 Y Control (4) o [ o] o | o] o [MEEPETT i 0
I PKN12|PKN11[PKN10’ PKNOO
Y
34h Y Control (5) o oo fo ] o "0 "0 "o 0
P PKN32| PKN31[PKN30 PKN20]
35h Y Control (6) 0 0 0 0 0 0 0) 0
P PKN52|PKN5T[ PKNS0 PKNa0)
36h Y Control (7) o 0 o o 0 () () (0) () o
PRNT2|PRNTT[PRNTO PRNOD|
37h ¥ Control (8) 0 0 0 0 0 0 0) 0) 0 0
o Yo VRP14|VRP 13| VRPTZ| VRP 1| VRPTO) VRPOD
ontrol (9)
O 10 _|_(0) | _(0) | (0) |_(0)
o ¥ control (10) VRNT4[VRNT3[VRNTZ|VRNTT[VRNTO) VRN0D
ololololo ©
3Ah eiling Disable
3Bh etting Disable
3Ch etting Disable
3Dh etting Disablec
3Eh etting Disable
3Fh etting Disablec
4+ | Coordination 40n | GateScanStartPositon [ 0 | 0 | o [ o | o | o | o | o [ o | o [ o [SCN4[SCN3|SCNZISCNT}SCNO 0
Contrel Vo [ V5 | Vis [V e
41 | Vertoalscrailconol | 0 [0 |0 [0 | o [0 o [ o [T G | e [ | o 0
a2n SE17 | SE16 | SE15 | SE14 | SE13 | SE12 | SE11 | SE10 | SS17 | SS16 | SS15 | SS14 | SS13 | SS12 | §S11 | S§10 0
First Soreen Driving Position | () | () | (1) | ) | () | ) | ) | ) | (© 0 ) 0) 0 0 0
a3h ‘Second Screen Driving SE27 | SE26 | SE25 | SE24 | SE23 | SE22 | SE21 | SE20 | SS27 | SS26 | SS25 | SS24 | SS23 | SS22 | §S21 | SS20 0
Position o laolaolololaglolonloeololololololol]o
aan | Forizontal RAM Adaress | HEAT | FEAG | FIEAS | HEA® | HEA | HEAZ | HEAT | FIEAD | HSAT | FISAG | FISAS | HSAA | FISAS | HSAZ | HSAT | FISAD .
osition alolonlololaglonlonlololololololol]o
wan | Verical RAM Address | VEAT | VEAG | VEAS | VEAZ | VEAG | VEAZ | VEAT | VEAD | VSAT | VSAG | VSAS | VSAZ | VSAZ | VSAZ [ VSAT | VSAD o
Position onlaolonlololaolonlalolololololol ol o
6 etting Disable
7| etting Disablec
8 etting Disable
o etting Disable
Al etting Disable
2Bh etting Disable
4Ch etting Disablec
4Dh etting Disable
4Eh elting Disable
4Fh etting Disable
5 + etting Disable
[ - etting Disablec
7 i etting Disablec
Note 1) The numerals in parenthesis in the bit cells are initialized value.

Note 2) Do not access to the"Setting Disabled" indexes.
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Reset Function

The HD66789 makes internal initialization with RESET input. During RESET, the HD66789 isin abusy
state, and no instruction from the MPU and accessto GRAM are accepted. Thetime required for the
RESET input isat least 1ms. In case of power-on reset, wait at least 10ms after the power is turned on until
the R-C oscillation frequency becomes stabilized. While waiting, do not make an initial setting for the
instruction set or an access to GRAM.

Initial State of Instructions

a Start oscillation

b. Driver output control (NL4-0 ="11101", SS="“0", SM =“0", EPL =“0", DPL =“0", HSPL =“0",
VSPL =“0",GS="0",SM =“0")

c. Liquidcrystal AC drive control (FLD1-0="01", B/C="0", EOR ="“0", NW5-0 = “00000")

d. Entry mode set (HWM =*“0", I/D1-0 =“11": Increment by 1, AM =*“0" : Horizontal direction,
LG2-0="000" : Replace mode, BGR =“0", TRI =“0", DFM1-0 ="00")

e. Compare register (CP17-0 : “00 0000 0000 0000 0000")

f. Display control 1 (PT1-0="00", VLE2-1="00" : No vertical scroll, SPT =*“0", FRCP ="0",
DTE="0", CL ="0" : 65,536-color mode, REV ="0", D1-0 =“00" : Display OFF, GON = 0)

g. Display control 2 (BP3-0="1000", FP3-0 = “1000")

h. Display control 3 (PTG1-0 ="00", ISC3-0 = “0000"

i. Frame cycle control (NO1-0="“00", SDT1-0="00", EQ1-0="00" : No equalization,
DIV1-0="00": clock/1, RTN3-0 = “0000" : 16 clocksin 1H period)

j. External display interface (RIM1-0 = “00” : 18-bit RGB interface,
DM1-0="00" : internal clock operation, RM =*“0" : System interface)

k. Power control 1 (SAP2-0="000", BT2-0="“000", AP2-0 ="“000": liquid crystal power supply off,

DK =“1" : DCDC1 off, SLP="0", STB = “0" : Standby mode off)

Power control 2 (DC12-0 = “000”, DC02-00 = “000", VC2-0 = “000")

l.

m. Power control 3 (PON =“0", VRH3-0 = “00000")

n. Power control 4 (VCOMG ="“0", VDV4-0 = “00000", VCM4-0 = “00000")

0. RAM address set (AD15-0 = “0000"H)

p. RAM write data mask (WM17-0 = “18h00000": No mask)

g. v control
(PKP02-00 = 000", PKP12-10 = “000", PKP22-20 = “000", PKP32-30 = “000",
PKP42-40 = “000", PKP52-50 = “000", PRP02-00 = “000", PRP12-10 = “000")
(PKN02-00 = “000", PKN12-10 = “000", PKN22-20 = “000", PKN32-30 = “000",
PKN42-40 = “000", PKN52-50 = “000”, PRN02-00 = “000”, PRN12-10 = “000")
(VRP14-10 =“00000", VRP03-00 = “0000", VRN14-10 = “00000", VRN12-10 = “000")

r. Gate scan starting position (SCN4-0 = “00000")

s.  Vertica scroll (VL7-0 = “00000000")

t.  1st split-screen (SE17-10 =“11111111", SS17-10 = “00000000")

u. 2nd split-screen (SE27-20 = “11111111", SS27-20 = “00000000")

v. Horizonta RAM address position (HEA7-0 = “10000011", HSA7-0 = “00000000")

w. Vertical RAM address position (VEA7-0 =“10101111", VSA7-0 = “00000000")
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GRAM Data I nitialization

The datain GRAM are not initialized by the RESET input. Initialize through software during the display
OFF (D1-0="00").

Initial state of Output Pins

a. Liquid crystal driver output pins (source outputs): Output GND level
b. Oscillator output pin (OSC2): Outputs oscillation signal
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I nterface Specifications

The HD66789 incorporates a system interface to make settings for instructions, and an external display
interface to display moving pictures. By selecting an optimum interface for display (moving or still picture,
or both), data are transmitted efficiently.

The external display interfaces are RGB-1/F and VSYNC-I/F. Through these interfaces, the data can be
updated without flickering the moving picture on the display.

In the RGB-1/F mode, the display operation is performed in synchronization with the signals (VSYNC,
HSYNC, and DOTCLK). The display data are written according to the values of the data enable signal
(ENABLE), datavalid signal (VLD) and PD17-0 bitsin synchronization with VSYNC, HSYNC, and
DOTCLK signals. The display data are written to GRAM to reduce the data transmission to minimum, i.e.
only when the displays are being updated. With the window address function, only the RAM area used for
moving picture display is overwritten, and therefore the simultaneous display of moving picture area, which
is overwritten, and the RAM datain the area other than the moving picture area, which is not overwritten, is
possible. Inthe RGB and VSY NC interface modes, write datato GRAM in the high speed write mode
(HWM = 1) while displaying moving pictures to make an access to GRAM in high speed with low power
consumption.

In the VSYNC interface mode, internal display operations are synchronized with the frame-synchronizing
signa (VSYNC). By writing datain synchronization with the falling edge of VSYNC at afixed speed to
GRAM through a system interface, it enables moving pictures display with a system interface. In this case,
there are some constraints in the RAM writing speed and method.

The HD66789 handles the following 4 operational modes for the type of display. The setting can be made
through an external display interface. A transition between the modes must follow the transition flow.
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Operation modes and interfaces

Operation Mode

RAM Access Setting
(RM)

Display Operation Mode
(DM1-0)

Internal operating clock only

System interface

Internal operating clock

(Displaying still pictures) (RM=0) (DM1-0 = 00)
RGB interface (1) RGB interface RGB interface
(Displaying moving pictures) (RM=1) (DM1-0 =01)
RGB interface (2) System interface RGB interface
(Rewriting still pictures while (RM=0) (DM1-0 = 01)

displaying moving pictures)

VSYNC interface
(Displaying moving pictures)

System interface
(RM=0)

VSYNC interface
(DM1-0 = 10)

Note 1) the instruction register setting can be made only through a system interface.

Note 2) The RGB-I/F and VSYNC-I/F are not compatible with each other.

Note 3) Do not change the setting for RGB-I/F mode (RIM-0) while RGB I/F is in operation.

Note 4) See the “External Display Interface” section for the transition flow of each operation mode.
Note 5) In the RGB-I/F and VSYNC-I/F modes, write data in the high speed write mode (HWM = 1).

.
Lad
>
System interface |
Lad
™.
L .
l Lad
System 18/16/9/8
Ll
.
Lad
™.
RGB interface >
™.
.
Lad

18/16/6

csn*
RS
WR*
(RD")
DB17-0

VLD

ENABLE
VSYNC
HSYNC
DOTCLK
PD17-0

HD66789

Interfaces and HD66789
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System Interface

The following shows the kinds of system interfaces and the IM pins setting for selecting an interface. The
instruction setting and RAM access are made through a system interface.

IM bits setting and the type of system interface

IM3 IM2 M1 IMO MPU-Interface Mode DB Pin

0 0 0 0 Setting disabled

0 0 0 1 Setting disabled

0 0 1 0 80-system 16-bit interface DB17 to 10 and 8-to-1
0 0 1 1 80-system 8-bit interface DB17 to 10
0 1 0 * Serial peripheral interface (SPI) SDI, SDO
0 1 1 * Setting disabled

1 0 0 0 Setting disabled

1 0 0 1 Setting disabled

1 0 1 0 80-system 18-bit interface DB17to 0
1 0 1 1 80-system 9-bit interface DB17to 9
1 1 * * Setting disabled
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80-system 18-bit interface
80-system 18-hit parallel data transmission becomes operable by setting IM3/2/1/0 pinsto
IOV cc/GND/IOV cc/GND levels respectively.
csn* P cs*
A1 P RS
MPU HWR* > WR* HD66789
(RDY) B (RD*)
D31-0 |« p{ DB17-0
18
18-bit microcomputer and HD66789
Instruction
Input | DB | DB (DB | DB |DB|DB|DB|DB|DB|DB|DB |DB |DB|DB (DB [DB |DB | DB
17161 15| 1413|1211 ] 10| 9 8 7 6 5 4 3 2 1 0
wwvwwvvvlvvwwvwwvi
Instruction | 1B [ 1B | IB | IB | B [IB|IB | IB B|mB|IB|B|B|IB|IB]|IB
15114 (13112111 (10| 9 8 716 |5 ]| 4 3|2 1 0
Instruction code
RAM data write
Input DB (DB | DB | DB |DB|DB | DB | DB DB |DB (DB |DB |DB | DB | DB | DB | DB
171 16| 15| 14| 13| 12| 12| 10 8 7 6 5 4 3 2 1 0

‘i

l

l

i

i

i

l

L1111

i

l

i

l

i

Write data to
GRAM

R5|R4|R3|R2|R1|RO|GS|G4|G3

GZ‘G1| GO| BS|B4| B3| BZ|B1 |BO |

One pixel

262,144 colors are available in 18-bit system interface

Data format for 18-bit interface
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80-system 16-bit interface

The 80-system 16-hit parallel data transmission becomes operable by setting IM3/2/1/0 pins to
GND/GND/IOVcc/GND levels respectively.

cSn* P cs*
A1 SES
H8/2245 LR+ | WR* HDB6789
(RD¥) | (RD?)
D15-0 | »| DB17-10, 8-1
16

16-bit microcomputer and HD66789

Input |pg | DB| DB | DB| DB| DB | DB| DB DB| DB| DB| DB| DB| DB| DB| DB
17116 15| 14 13 12| 11| 10 8 7 6 5 4 3 2 1
YV VYV vV VvV Yy Y Y YV YV V V V V YV V X
Instruction | 1B | IB | 1B |IB|IB|IB]|IB|IB BlelBe|lBlB|lB|BI|IB
15 |14 |13 |12 |11 |10 ]| 9 | 8 71lel5 143|211 1|0
Instruction code
Input |pB (DB (DB |DB | DB | DB | DB | DB DB|(DB|DB|DB|DB|DB|DB| DB
17 116 [ 15 |14 [ 13 [ 12 | 11 | 10 8 7 6 5 4 3 2 1
i YYVY *\\\4 YyVvY i vVYVY ¢
GRAM |R5 |R4 |R3 |R2 |R1 |RO |G5 |G4 |G3 | G2 [G1 |GO |B5 |B4 |B3 |B2 |B1 | BO
write data
One pixel 66,536 colors are available in 16-bit system interface.

Data format for 16-bit inter face
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80-system 9-bit interface

The 80-system 9-bit parallel data transmission becomes operable by setting IM3/2/1/0 pinsto

IOV cc/GND/IOVcc/lOVec levels respectively. When transmitting a 16-bit instruction, it is divided into
upper and lower 8 hits (the LSB is not used) and the upper 8 bits are transmitted first. The RAM datais
also divided into the upper and lower 9 bits, and the upper bits are transmitted first. The unused pins
DB8-0 must be fixed to either IOV cc or GND level. When writing into the index register, the upper byte (8
bits) must be written.

cSn* P cs*
A1 »{ RS
HE2254 Ly v HDB6789
(RD) » (RD*)
D150 |g »|DB17-9
9 DB8-0
L%
GND

9-bit microcomputer and HD66789

Instructions
1st Transfer (Upper) 2nd Transfer (Lower)

Input | DB| DB| DB DB| DB| DB DB| DB |DB| DB| DB| DB| DB| DB| DB| DB | DB | DB
17| 16 15| 14| 13| 12| 11| 10| 9 | 17| 16| 15| 14| 13| 12| 11| 10| 9

VVVVVVVViV VVVVVVi

B(IB|IB|IB|IB|IBfIB]|IB B|IB|IB|IB|IB|IB|IB|IB
151413121110 9 | 8 7165 |al3]2l1]0

Instruction

Instruction code
RAM data write
1st Transmission (Upper—m——,

Input | DB| DB | DB| DB| DB| DB| DB| DB |DB| DB| DB| DB| DB| DB| DB | DB | DB | DB
171 16| 15 14| 13| 12| 11| 10| 9 [ 17| 16| 15[ 14| 13| 12| 11| 10| 9

2nd Transmission (Lower) —

V VYV V V Vv V VY Y Y Y Y Y Y Y Y YY VY

Write data to
GRAM |R5 |R4 |R3 [R2 |R1 |RO |G5 |G4 |G3 |G2 |G1 |GO |B5 |B4 |B3 |B2 | B1 |BO

One pixel
262,144 colors are available in the 9 - bit system interface.

Data format for 9-bit interface
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Data transmission synchronizing in 9-bit businterface mode

The HD66789 supports a data transmission synchronizing function, which resets the upper/lower counter
that counts the number of transmission of upper/lower 9-bit datain the 9-bit bus interface mode. When a
discrepancy occursin the upper/lower 9-bit data transmission due to effects from noise and so on, the “00”
H instruction is written 4 times consecutively to forcibly reset the upper/lower counter so that data
transmission restarts with an upper 9-bit data transmission. The excursion can be recovered by executing
the synchronizing function periodicaly.

o T\
w0 /
w S \J \_/ \J (WARWARW

NGNS N N S

(9-bit transmission synchronization)

9-bit data transmission synchronization
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80-system 8-bit interface

The 80-system 8-bit parallel data transmission becomes operable by setting IM3/2/1/0 pinsto
GND/GND/IOVcc/IOVec levels respectively. When transmitting a 16-bit instruction, it is divided into
upper and lower 8 hits and the upper 8 bits are transmitted first. The RAM datais aso divided into the
upper and lower 8 hits, and the upper bits are transmitted first. The datato writeto RAM are expanded into
18 hitsinternally. The unused pins DB9-0 must be fixed to either IOV cc or GND level. When writing into
the index register, the upper byte (8 bits) must be written.

csn* »{cs+
A1 SES
HD66789
H8/2245  LwR* o] Wr*
(RD¥) p| (RDY)
D15-0 »|DB17-10
8 DB9-0
N
GND

8-bit microcomputer and HD66789
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Instruction
1st Transfer (Upper) 27 Transfer (Lower) —
Input |DB| DB | DB| DB | DB | DB |DB | DB DB|DB| DB |(DB|DB|DB |DB |DB
171161151 14 (13| 12| 11 | 10 1716151141312 | 11| 10
YV V V V VYV VY V¥V XN V V VvV VvV VY
Instruction | 1B [ 1B | 1B (1B | IB|IB|IB]|IB B|B|IB|IB|B|IB|IB]|IB
15 (1411311211110 9 8 7 6 5| 4 3 2 1 0
Instruction code
RAM data write
on
Input ——1st Transfer (Upper) d Transfer (Lower) —
DB |DB |DB (DB |DB |DB | DB | DB DB |DB |DB (DB |DB (DB |DB |DB
17 116 |15 |14 |13 |12 [ 11 | 10 17 116 (15 |14 [ 13 [12 |11 | 10
VVYVYy ¢ \ A A 4 VVYVYY ¢
Write data t
"€ GRAM |R5 |Ra4 [R3 [R2 [R1 |RO |65 |64 |3 |62 |61 |c0 |BS B4 |B3 |B2 |BT |BO

One pixel 65,536 colors are available in 8 - bit system interface.

RAM data write : TRI =1, DFM1-0 = 10

1st Transmission 2nd Transmission 3rd Transmission
B E

INPUT (pB| DB|DB | DB|DB|DB|DB|DB|DB|DB|DB|DB|DB|DB|DB |DB |DB | DB
17| 16| 15|14 |13 | 12| 17| 16| 15| 14| 13| 12| 17| 16| 15| 14| 13 | 12

VV V V VY VY YVYVYYVYYVYYY VL vV V Vv

. RGB |R5 | R4 |R3|R2 |R1 |RO|G5|Ga|G3|G2|G1|Go|B5|B4|B3|B2|B1]|BO
Assignment

One pixel 262,144 colors are available in 8 - bit system interface.

RAM data write : TRI =1, DFM1-0 = 11

1st Transmission 2nd Transmission 31 Transmission
s

INPUT (pB| DB| DB | DB| DB|DB|DB|DB|DB|DB|DB|DB|DB|DB|DB|DB |DB | DB
17| 16| 15|14 |13 | 12| 17| 16| 15| 14| 13| 12| 17| 16| 15| 14| 13 | 12

vVVVY ¢ y Vv VYY VVYVY ¢

X RGB |R5 | R4 | R3|R2 |R1 |RO|G5|Ga|G3|G2|G1|Go|B5|B4|B3|B2|B1|B0O
Assignment

One pixel 65,636 colors are available in 8 - bit system interface.

Data format for 8-bit interface
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Data transmission synchronizing in 8-bit businterface mode

The HD66789 supports a data transmission synchronizing function, which resets the upper/lower counter
that counts the number of transmission of upper/lower 8-bit datain the 8-bit bus interface mode. When a
discrepancy occursin the transmission of upper/lower 8-bit data due to effects from noise and so on, the
“00” H instruction is written 4 times consecutively to forcibly reset the upper/lower counter so that data
transmission restarts with the upper 8-bit transmission. The excursion can be recovered by executing the
synchronizing function periodically.

S
. :
- T\ \J \/ \J U_\J_\J_
oD I A A (=)=

(4)

(8-bit transér synchronization)

8-bit data transmission synchronization
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Serial Peripheral interface (SPI)

The Serial Peripheral Interface (SPI) becomes operable by setting IM3/2/1 pins to GND/IOVcc/GND levels
respectively. The SPI is available through the chip select line (CS*), serial transfer clock line (SCL), serid
datainput (SDI), and seria data output (SDO). Inthe SPI mode, the IMO/ID pin functionsas ID pin. Inthe
SPI mode, the unused DB15-2 pins must be fixed at either IOV cc or GND level.

The HD66789 recognizes the start of data transfer at the falling edge of CS* input to initiate the transfer of
start byte. It recognizes the end of data transfer at the rising edge of CS* input. The HD66789 is selected
when the 6-bit chip address in the start byte transferred from the transmission device and the 6-bit device
identification code assigned to the HD66789 are compared and both 6-bit data correspond. When selected,
the HD66789 starts taking in the subsequent data string. The setting for the least significant bit of the
identification code is made with the ID pin. The five upper hits of the identification code must be 01110.
Two different chip addresses must be assigned to the HD66789 because the seventh bit of the start byteis
assigned to aregister select bit (RS). When RS = 0, index register write or status read is executed. When
RS = 1, instruction write or RAM read/write is executed. The eighth bit of the start byte is to specify read
or write (R/W hit). The data are received when the R/W bit is 0, and are transmitted when the R/W hit is 1.

In the SPI mode, the data are written to GRAM after two-byte data transmission. The data are expanded
into 18 bits by adding one bit (the same data as the MSB of RB) next to the LSB of RB data.

After receiving the start byte, the HD66789 starts to transmit or receive data by byte. The data transmission
adopts a format by which the MSB isfirst transmitted. All HD66789 instructions consist of 16 bits and
they are executed internally after two bytes are transmitted with the MSB first (DB15 to 0). The datato
write to RAM are expanded into 18-bit data. After the start byte isreceived, thefirst byte is always fetched
as the upper eight bits of the instruction and the second byte is fetched as the lower eight bits of the
instruction. The 4-byte data that are read from RAM right after the start byte are made invalid. The
HD66789 reads as valid data from the 5th-byte data.

Start Byte Format

Transmitted bits S 1 2 3 4 5 6 7 8
Start byte format Transmission Device ID code RS R/W
start
0 1 1 1 0 ID

Note 1) ID bit is selected with the IMO/ID pin.

RS and R/W Bit Function

RS R/W Function

Set index register

Read status

Write instruction or RAM data

0 0
0 1
1 0
1 1

Read instruction or RAM data
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1st Transmission (Upper) — 2nd Transmission (Lower) —
Input K15 1p14 |D13 [D12 [D11 |D10 [D9 | D8 D7 | D6 | D5 | D4 | D3| D2| D1| DO
Instruction | 1B | 1B | 1B |B|I1B|1B|IB]|IB B|mB|B|B|B|IB|IB]|IB
15|14 |13 | 12|11 |10| 9| 8 7 3 1
Instruction code
— st Transmission(Upper)—'_ 2nd Transmission (Lower) —
Input
"PU 1 b15| D14| D13| D12| D11| D10| DO | D8 D7 |D6 | D5 | D4 [ D3 | D2 | D1| DO
VVVY ¢ vVY ¢
Write datato |r5 (R4 |R3 |R2 [R1 |RO | G5 |G4 |G3 |G2 |G1 |Go |B5 |B4 [B3 |B2 [B1 |BO
GRAM
One pixel

66,536 colors are available in serial interface.

Data format for SPI
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A)Basic data transmission through SPI

Data transmission start

SCL 12 3 4 5 6 7 8 910 4 2
(Input)

SDI MSB LSB
(Input) [P rorwrwn W

«— Device ID code —p| s | ru|
\

Start byte Index register setting, instruction, RAM data write
SDO

(oupun L SEO0e00000000

Status read, instruction read, RAM data read

B)Consecutive data transmission through SPI

cs*

(Input) }
1 234 5 67 8 9

SCL

1

End
xecution time

Note: The first byte after the start byte is always the upper eight bits.
C) RAM data read transmission
cs* ~ ’
(Input)
SCL
(Input)

SDI Start byte
RS=1,
(Input) L RW ST )
SDO Dummy Dummy Dummy Dummy Dummy RS\M fegd RE\M regd
(Output) Read 1 Read 2 Read 3 Read 4 Read 5 oper oner
Start

Note: Five bytes of invalid dummy data are read after the start byte.
The valid data are read from the 6th byte.

D) Status read / instruction read
cs* \
(Input)

SCL
(Input)

sDI Satbyte | TTTTTTTTTTTTTTTTTTTTTTT T
R
(Input)
SDo Dummy read 1 Status read: Status read:
(Output) upper eight bits lower eight bits
Start

Note: One byte of invalid dummy data are read after the start byte.
The valid data are read from the second byte.

sDI Start byte Instruction1: Instruction1: Instruction2:
(Input) upper eight bits lower eight bits upper eight bits
Start Instruction1:

Data transmission end
-
T H 1
(Input) 1\ |
i\
=

Data transmission through Clock-Synchronized Serial Bus Interface
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VSYNC Interface

The HD66789 incorporates a VSY NC-I/F, which enables moving picture display with only a system
interface and the frame-synchronizing signal (VSYNC). Thisinterface enables moving picture display with
minimum modification to a conventional system.

VSYNC

y

HD66789

LCDC/
MPU

cs*

RS

WR*

DB17-10, 8-1

FVVY

16

VYSNC interface

The VSY NC-I/F becomes operable by setting DM1-0 = 10 and RM = 0. Inthe VSYNC I/F mode, the
internal display operations are synchronized with VSYNC. By writing datato RAM through a system
interface in a speed that is higher for more than a fixed speed than the internal display operation speed, it
enables moving picture display through a system interface, while preventing flickers while the screens are
being updated.

Display operations are executed by the internal clock generated by the internal oscillator and VSY NC input.
All display data are stored in RAM. This enables moving picture display only by transmitting data that are
written over, thereby minimizing the number of data transmission while displaying moving picture. The
high-speed write mode (HWM = 1) enables RAM access in high speed with low power consumption.

VSYNC —
RAM write via| Updating screen Updating screen
Display operation in
synehronization witn (X XJ00000000GO00CO00CO0 HO000C000C00
the internal clock

Note: Data must be written in the high-speed write mode (HWM = 1) in VSYNC-I/F mode.

Moving picture data transmission through VSYNC interface
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The VSYNC-I/F has limits on the minimum speed for RAM write through a system interface and the
frequency of theinternal clock. It requires RAM write speed more than the result that is cal culated from
the following formula.

e Internal clock frequency (fosc) [Hz] = Frame frequency x (Display line (NL) + Front porch (FP) + Back
porch (BP)) x 16 clocks x Fluctuation

e Minimum speed for RAM write (min.)[Hz] > 176 x Display line (NL) / {((Back porch (BP) +
Display raster-row (NL) - Margin) x 16 clocks) / fosc}

Note 1) When RAM write does not start right after the falling edge of VSYNC, the time between the falling
edge of VSYNC and the start of RAM write must also be taken into account.

An example of the RAM write speed and the frequency of theinternal clock in the VSY NC interface mode
isasfollows.

[Example]

Display size 176 RGB x 240 lines

Display line 240 lines (NL = 11110)
Back/front porch 14/2 lines (BP = 1110/FP = 0010)
Frame frequency 60 Hz

Internal clock frequency (fosc) [Hz] = 60 Hz x (240 + 2 + 14) x 16 Clock x 1.1/ 0.9 = 300 kHz

When calculating the internal clock frequency, possible causes of fluctuations must also be taken into
consideration. The allowance for this fluctuation is + 10 % from the center value, and the range of the
frequency must be within VSYNC period.

Asthe causes of fluctuations, the above example takes the variation in the LSl fabrication and the room
temperature into account. Other possible causes of fluctuations, such as variation in the external resistors
or the voltage change are not considered in the above example. It is necessary to make a setting with
enough margins to include the allowances for these factors.

Minimum speed for RAM writing [HZ]
> 176 x 240/ {((14 + 240 - 2) raster-rows x 16 clock) / 300 kHz} = 3.14 MHz

In this case, RAM write is performed in synchronization with the falling edge of VSYNC.

When the data for one frame are written to RAM completely, there must be more than 2 raster-rows of
margin before the raster-rows driven for the display.

By writing datato RAM on the falling edge of VSYNC at the speed of 3.14 MHz or more, the data for the
whole screen on RAM are overwritten before the display operation starts. Accordingly, the flicker due to
updating moving picture data can be avoided while displaying a moving picture.
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RAM write at 10MHz R-C oscillation
VSYNG RAM write Raster-row 44240 times 10% v v
e ——— 210} ity st ===~ Display operation
1
Back porch |
(14 raster-rows) 2 RAM write :
Y R 8 at3.15 MHz |
8 (W |
17 1 1
e . 1y |
c Display 1 |
. Display g operation | 1 !
Display operation ] H : H
(240 raster-rows) 5 i H
8 1 1
<] 1y 1
£ 1y 1
2 [N |
© [ |
Front porch IS L !
(2 raster-rows) 0 | 422 1341 1 1674 [ms]

! 1 - . R
—pi 1

Blanking period ' 13.55 ! 60Hz
Back-porch 14H 1

—| VSYNC LI L

Operation through VSYNC interface

Notesto the VSYNC interface

1. The aforementioned example of calculation isjust aresult of calculation. Inthe actual settings, causes
for the fluctuations of internal clocks and so on should be taken into consideration. It is necessary to
make a setting for the RAM write speed with enough margins.

2. The aforementioned example of calculation isthe value in case of writing over the entire screen.
Limiting the area for the moving picture display will create more margins for the RAM write speed.

R-C oscillation

VSYNC Raster-row o,
240 < 10% > . .
r P 107111 Display operation
Back porch B Ik ihezin pPpr--——-
(14 raster-rows)
(20 raster-rows) -ft-——-—--—--- RAM write
at3.15 MHz

Moving picture area
(200 raster-rows)

The number of driven raster-rows

) i) sttt iittetd sttty IRt el -
! :
L 1147 ! 132 1670 T
(20 raster-rows) PN : 13.55 ’ i
Front porch hand | 60Hz
(2 raster-rows) Back-porch 14H |
7 vsyne L1 LT

Limiting moving picturedisplay area

3. A front porch period continues after the completion of 1 frame display and until the next input of
VSYNC.

4. Thetransition between the internal clock operation mode (DM 1-0 = 00) and the VSY NC interface
mode becomes effective after displaying one frame made during instruction setting.

5. Inthe VSYNC interface mode, the partia display, vertical scroll, and interlaced drive functions are not
available.

6. IntheVSYNC interface mode, set AM to O to transmit display datain the aforementioned method.

7. Inthe VSYNC interface mode, write display datato RAM in the high speed write mode (HWM = 1)
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Internal Clock Operation to VSYNC Interface

Internal clock operation

HWM

Address Setting

VSYNC interface mode
setting (DM1-0 = 0, RM = 0)

Index register set (R22h)
Wait more than 1 frame
VSYNC interface
Write data to RAM

VSYNC interface
operation

1,AM=0

Internal clock mode setting
(om1 M = 0)
Wait more than 1 frame

Internal clock operation

VSYNC Interface to Internal Clock Operation

VSYNC interface operation

Display operation
in synchronization with
VSYNC

Internal clock mode
(DM1 R

The values setin DM1-0 and RM
become valid after completion of
1-frame display.

Display operation
in
the internal clock

with

Wait more than 1 frame
The values set in DM1-0 and RM
become valid after completion of
1-frame display.

Display operation
in synchronization with
the internal clock

Internal clock operation

Note: When switching into the internal clock mode,the VSYNC signal
must be kept continuously supplied for more than 1 frame
after it is switched into the internal clock mode.

Display operation
in synchronization with
VSYNC

Note: When the interface mode is switched, VSYNC should be
M

input before setting of DM1-0 and RI

Transition flow between VSYNC and internal clock operation modes
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External Display Interface

The following interfaces are available as the external display interface (RGB interface). Theinterfaceis
selected by setting RIM1-0 bits. RAM is accessible through the RGB interface.

RIM bits setting and RGB interface

RIM1 RIMO RGB Interface PD Pin

0 0 18-bit RGB interface PD17-0

0 1 16-bit RGB interface PD17-13, 11-1
1 0 6-bit RGB interface PD17-12

1 1 Setting disabled

Note 1) The use of multiple interfaces simultaneously is not possible.

RGB interface

Through the RGB-I/F, the display operation is performed in synchronization with VSYNC, HSYNC, and
DOTCLK. The RGB interface enables data transmission with low power consumption by overwriting the
area that needs update in high-speed write mode in combination with the window address function. The
front and back porches must be set before and after the display period.

VSYNC

Back porch period (BP3-0)

Display area for RAM data

Display area
for moving pictures
Display period (NL4-0)

Front porch period (FP3-0)
L.

i
msvne ||
Note 1) The front porch period continues until the next input
DOTOLK of VSYNC signal
Note 2) The DOTCLK signal must be supplied consecutively.
ENABLE

\

PD17-0
VSYNC: Frame synchronization signal Back porch period (BPP):14H>=BP3-0>=2H
HSYNC: Raster-row synchronization signal  Front porch period (FPP):14H>=FP3-0>=2H
DOTCLK: Dot clock FPP + BPP=<16H
Display operation period: NL4-0 =< 240H
ENABLE: Data enable signal The number of raster-rows of 1 frame: FPP + DP + BPP

VLD: Data valid signal
PD17-0: Display data for RGB (6:6:6)

Note 3) In RGB interface mode, VSYNC, HSYNC, and DOTCLK more than to achieve the LCD resolution must be supplied

RGB interface

Rev.0.12, May 09 2003, page 88 of 156
RENESAS



HD66789 Preliminary

VLD and ENABLE signals

The relationship with the VLD and ENABLE signalsis as follows. With the ENABLE signal, the
addresses are not updated during data write, while with the VLD signal, the addresses are updated during
data write when the ENABLE is“Low”. The polarity of the ENABLE signal is inverted by the setting of
EPL hit.

EPL ENABLE VLD RAM Write RAM Address
0 0 0 Valid Updated

0 0 Invalid Updated

0 1 * Invalid Unchanged

1 0 * Invalid Unchanged

1 1 0 Valid Updated

1 1 Invalid Updated

RGB interface timing

The timing chart of 16/18-bit RGB interfacesis as follows.

VSYNC

HSYNC

DOTCLK

ENABLE
VLD

PD17-0

VSYNC
_ 1H
HLW >= 1CLK
HSYNC
1 clogk
s nininiginiginiginiginiginiy
DTST >=HLW
ENABLE >
VD
PD17-0

Valid data

VLW: the period in which VSYNC is low level
HLW: the period in which HSYNC is low level
DTST:the set up time for data transmission

Note: Data to be displayed must be written in the high-speed write mode (HWM = 1) in
RGB I/F mode.

16-/18-bit RGB Interface Timing
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The timing chart of 6-bit RGB interface is as follows.

1 frame ' ,
Back porch period Fmrln porch pen!od
le—> —>
1 1
vsyne | [T :
1 1
HSYNC
DOTCLK
ENABLE
VLD .
PD17-0 H
1
1
1
1
1
1 >=1H
VSYNC
1H
HLW>=3CLK
HSYNC
T dlock
DOTCLK -‘ l
DTST >= HLW
ENABLE
VLD
RGB RGB RGB RGB RGB
PD17-0

Valid data

VLW: the period in which VSYNC is low level
HLW: the period in which HSYNC is low level
DTST: the set up time for data transmission

Note 1) In 6-bit interface.mode, one pixel, which consists of R,G, and B, must be transmitted in synchronization
with 3 DOTCLKs.

Note 2) VSYNC, HSYNC, EVABLE, DOTCLK, VLD, and PD17-2 should be all transmitted by three clocks.

Note 3) Data to be displayed must be written in the high-speed write mode (HWM =1) in RGB I/F mode.

6-bit RGB Interface Timing
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Moving picture display

The HD66789 incorporates the RGB interface to display moving pictures and RAM to store display data,
which provides the following merits in displaying moving pictures.

e  Thewindow address function enables the transfer of only data for the moving picture area.

e  The high-speed write mode enables high-speed access to RAM with low power consumption

e  Only transmitting data that are written over the moving picture area.

e  Reduced transmission contributes to the reduction of power consumption of the entire system.

e Incombination with a system interface, the still picture area, such as an icon, can be updated while
displaying moving pictures.

RAM access through system interfacein RGB-I/F mode

RAM is accessible through a system interface in the RGB-I/F mode. In the RGB interface mode, data are
being written to RAM in synchronization with the DOTCLK input whilethe ENABLE is“Low”. When
writing datato RAM through the system interface, it is necessary to set ENABLE to “High” to stop data
write through the RGB-I/F. Setting RM = 0 allows RAM access through the system interface. When
reverting to the RGB interface mode, wait awrite/read bus cycle. Then, set RM = 1 and the index to R22h
to start RAM access though the RGB-1/F. When the RAM writes through the RGB and system interface
conflicts, it is not guaranteed that the data are properly written to RAM.

The following is an example of moving picture display through the RGB-I/F and updating still picture area
through the system interface.

Updating screen Updating screen

U U U U u U

VSYNC

ENABLE

PD17-0 mmmmmx
1 /
Index set |

/
Index Setting | [RM=1] [ index
: R22 f R22
System interface address

Updating moving Updating of still picture area  * Note 1 U_pdating moving
picture area picture area

*Note 2

Note 1) In the RGB interface mode, the address is set at every falling edge of VSYNC.
Note 2) Set the address and the index (R22h) before RAM access starts through the RGB interface mode.
Note 3) In the RGB interface mode write data in the high-speed write mode (HWM = 1)

2001/01/01 00:00 E I||

Still picture area

Moving picture area

(=]

Updating Still Picture Area during Displaying Moving Picture
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6-bit RGB interface

The 6-bit RGB interface is selected by setting RIM1-0 bitsto 10. The display operation is synchronized
with VSYNC, HSYNC, and DOTCLK signals. Display data are transmitted to RAM in synchronization
with the display operation through 6-bit RGB data bus (PD17-12) according to data valid signal (VLD),
and the data enable signal (ENABLE). Unused pins (PD11 to 0) must be fixed to either IOV cc or GND

level.

Theinstructions are set only through a system interface.

VSYNC
HSYNC
DOTCLK

Leoe HD66789
VLD

»| ENABLE
< »| PD17-12

s_le PD11-0
12

VVYy

6-bit RGB interface

RAM data write

1st Transmission 2nd Transmission 3rd Transmission
—

INPUT | pp | pp| PD| PD| PD| PD| PD| PD| PD| PD| PD| PD| PD| PD| PD| PD| PD| PD
17| 16| 15| 14| 13| 12| 17| 16| 15| 14| 13| 12|17 [ 16 [ 15 [ 14 | 13 |12

V V.V V V X A YV V V V V V V Y
R5 (R4 |R3 [R2 |R1 |RO |G5 |G4 [G3 |G2 |G1 |GO |B5 |B4 |B3 |B2 |B1 |BO

Write Data
to GRAM

One Pixel 262,144 colors are available in 6-bit system interface.

Data format for 6-bit interface

Data transmission synchronization in 6-bit RGB interface mode

The HD66789 incorporates a transmission counter to count the first, second, third data transmissions in the
6-bit RBG interface mode. The transmission counter isreset to the first transmission on the falling edge of
VSYNC. When adiscrepancy occurs in the transmission of first, second and third data, the counter is reset
so that afirst data transmission will be made at the start of each frame (on the falling edge of VSYNC) and
the data transmission restarts in the correct order from the next frame. In case of displaying moving
pictures, which requires consecutive data transfer, this function minimizes the effect from the discrepancy
in the data transmission and makes it easy to return to the normal display.

Theinternal display operation is executed by pixel. Note that each DOTCLK input must correspond to a
pixel. Otherwise data transmission discrepancies will occur and affect the displays of the current and
ensuing frames.
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VSYNC |

ENABLE _I |
DOTCLK I | I I

e O OOOOOK

ond st ond 3 st 2nd 31
Trans- R Trans- Trans- Trans- Trans- Trans- Trans-
mission Transfer synchronlzat|on mission mission mission mission mission mission

6-bit data transmission synchronization

16-bit RGB interface

The 16-bit RGB interface is selected by setting RIM1-0 bitsto 01. The display operation is synchronized
with VSYNC, HSYNC, and DOTCLK signals. Display data are transmitted to RAM in synchronization
with the display operation through 16-bit RGB data bus (PD17-13, 11-1) according to the data valid signal
(VLD), and the data enable signal (ENABLE).

Theinstructions are set only through a system interface.

P VSYNC
——— P HSYNC

—— p{DOTCLK

LCDC HD66789

L p{viD
L BI/ENABLE

——~—P{PD17-13,11-1
16_,74 PD12,0
2

16-bit RGB interface

RAM data Write

Input |PD(PD|PD|PD|PD PD| PD (PD|PD|PD|PD|PD|PD|PD|PD|PD
171161 15| 14 | 13 1Mf10]1 9| 8|7 6| 5] 4]3]|2 1

VVVVV*VVVVVVVVVVV*
RO [G

Wfim‘?&i‘h‘; R5 |R4 |R3 |R2 [R1 5|Ga |63 |G2 |61 |Go |B5 |B4 [B3 |B2 |B1 |BO

One pixel

Data format for 16-bit interface
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18-bit RGB interface

The 18-bit RGB interface is selected by setting RIM 1-0 bitsto 00. The display operation is synchronized
with VSYNC, HSYNC, and DOTCLK signals. Display data are transmitted to RAM in synchronization
with the display operation through 18-bit RGB data bus (PD17-0) according to the datavalid signal (VLD),
and the data enable signal (ENABLE).

Theinstructions are set only through a system interface.

VSYNC
HSYNC
DOTCLK

VvVY

Lcbe HD66789

VLD
ENABLE

PD17-0

YVY

18

18-bit RGB interface

RAM data Write

Input |PD |PD |PD |PD [PD (PD [PD|PD |PD |PD |PD |PD|PD |PD |PD |PD |PD |PD
17 116 (15 (14 |18 |12 (11|10 |9 [8 |7 |6 |5 |4 |3 |2 |1 0

YV VV V VY Y Y Y Y Y Y Y Y Y Y YVY

Wfite‘g‘éiﬁ R5 |R4 [R3 |R2 |R1 |RO |G5 |G4 |G3 |G2 |G1 |Go |B5 |B4 |B3 |B2 [B1 |BO

. 262,144 colors available in 18-bit RGB interface.
One pixel

Data format for 18-bit interface
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Notesto the external display interface

1. Whilean externa display interface is selected, the following functions are not available.

Function External Display Interface Internal Display Operation
Partial display Not available Available
Scroll function Not available Available
Interlaced drive Not available Available
Graphics operation function Not available Available

2. TheVSYNC, HSYNC, and DOTCLK signals must be supplied consecutively during display
operation through the RGB-I/F.

3. When setting NO1-0, SDT1-0, and EQ1-0 hits in the RGB-I/F mode, the reference clock is the
DOTCLK, not the internal operation clock.

4. Inthe 6-bit RGB-I/F mode, RGB (pixels) data are transmitted by three clocks. The data transmission,
therefore, should be made by RGB.

5. Inthe 6-bit RGB-I/F mode, the interface signals, VSYNC, HSYNC, DOTCL, ENABLE, VLD, and
PD17-0, should be set by RGB (pixels) in convenience for transmitting RGB pixels.

6. Thetransitions between the internal operation mode and externa display interface should be made
according to the mode switching sequence below.

7. Inthe RGB-I/F mode, the front porch period continues after displaying one frame data until the next
VSYNC signal input.

8. Inthe RGB-I/F mode, the data must be written in the high-speed write mode (HWM = 1).

9. Inthe RGB-I/F mode, the addressiis set every frame on the falling edge of VSYNC.
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Internal Clock Operation to RGB I/F (1)

Internal clock operation
[ Hwm=1av=0 |
| |
| Address Setting |
| |
RGB I/F Setting
(DM1-0=01, RM=1)

Index resister

RGB I/F operation
.

Internal clock mode setting
(DM1-0 = 00, RM=0)

Display operation
in synchronization with
the internal clock

The value setin DM1-0 and RM
become valid after the completion

of 1-frame display. Internal clock operation

Wait more than 1 frame [

RGB I/F (1) to Internal Clock Operation

Display operation in

synchronization with the RGB
signals (VSYNC , HSYNC,
DOTCLK)

The value setin DM1-0 and RM bits
become valid after the completion of
1-frame display.

Display operation
in synchronization with
the internal clock

setting (R22h)

Wait more than 1 frame | —=

RGB IIF
Writing RAM Data
v

Note: When switching into the internal clock mode from RGB I/F,
keep RGB I/F signals (VSYNC, HSYNC, DOTCLK, ENABLE)
input for more than 1 frame after the mode has been switched.

Display operation in
synchronization
with the RGB signal

RGB interface operation

Note: When switching into the RGB interface mode, the RGB
interface signals, VSYNC, HSYNC, DOTCLK, and ENABLE,
must be input before the setting of DM1-0 and RM bits.

Transition between the Internal Clock Operation Mode and RGB I nterface Mode

From RGB I/F (1) to RGB I/F (2) From RGB I/F (2) to RGB I/F (1)

RGB I/F Operation
-

System I/F
Writing RAM Data

M
L]
RGB I/F mode setting
(DM1-0=01, RM=0)

| M0 | | HWM=1, AM=0 |
u | |
| Address Setting | | Address Setting |
| |
| Index resister setting (R22h) | RGB I/F mode
I (DM1-0=01, RM=1)
| |

Index resister setting (R22h)
System I/F

Writing RAM Data

RGB I/F Operation

RAM data write sequence through system interface in RGB-I/F mode
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Timing Interfacing with Liquid Crystal Panel Signals

The relationship between RGB |I/F signals and the liquid crystal panel signalsin the RGB I/F modeis as
follows.

HSYNC

MM 1

‘Back porch period (BP) 1 fram Front porch period (BP) Back porch period (BP)
[ < > —
&=
VSYNC _] J

e

vvvvvv RUESE S s

DOTCLK WWWMM.M vvvvvvvvvvvvvvvvvv
ENABLE
VLD E .............................. .
PD17-0 1 s 1236 1237§236Y 23924 1
i Note 1) Note 1) )
—»=4— 5DOTCLK 5DOTCLK —»=4—
FLM il |_
CLW2-0 ——ie
oL Lﬂ ............................... MJ‘U‘MM
SHW1-0 —po-
STG2-0—p—4
eI IR I HI IR N E ) E——
DISPTMG HJ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, |_|
<+—NO1-0
G1
G2 —l ...............
G2i10
«—SDT1-0
1528 2000 6 e o oo )
EQ1-0 —p—e—
EQ
M (VCOM)

Note 1) 15 clocks in case of 6-bit RGB I/F mode.
Note 2) FLM, CL1, SFTCLK, DISPTMG, EQ, M are internal signals.

Relationship between RGB I/F signal and theliquid crystal panel signal
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The timing interfacing with the liquid crystal panel signalsin the internal clock operation modeis as
follows.

< 1-frame :
Front porch period (FP) +Back porch p:riod(BP) =8H
FLM H l_
CLW2-0 —»—<
JU U UYL
cLt SHW1-0 Lﬂ
STG2-0—p—4 HHHI—II—II—II—I”
SFTCLK J-I_ J-l—”——”_”-
DISPTMG ﬂ H_“_
G1
cz |
Gzi‘o |—
: SDT1-0
$1-528 000 sofesKogkages
EQ1-0 —»-a—
EQ
M (VCOM)

Note 1) FLM, CL1, SFTCLK, DISPTMG, EQ, and M are internal signals.

Interfacing with theliquid crystal panel signalsin theinternal clock operation mode
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Scan M ode Setting

The shift direction of gate signal is changeable by the combination of SM and GS bit settings. This allows
various ways of connecting aliquid crystal panel and the HD66789.

SM GS Scan direction
raster-rows of G1 G2 raster-rows of
odd number even number
TFT panel
0 0
G239 G24(
G1,G2, G3, G4,....
G237, G238, G239, G240
Gl—— G239 G240 —f}——I|G2
| HD66789
rasterows of ,\ G G2 || raserroms of
odd number even number
TFT panel
0 1 G240, G239, G238, G237,....
G239 G240 G4, G3, G2, G1
clet G239 G240 G2
|_ HD66789
—\| G1
TFT panel
L G239, ...,
2 G1,G3, G5,....
G237, G239,
1 0 G2, G4, G6,....
G240 G238, G240
&1 G239 G240 2
| HD66789
—\[ &1
TFT panel
L G239, ... ...,
G2 |/.
G240, G238, G236,....
G4, G2,
1 1 G24( G239, G237, G235,....
) G3, G1
G -1 G239 G240 2
HD66789

Scan mode setting
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High-Speed Burst RAM Write Function

The HD66789 incorporates high-speed burst RAM-write function, which writes data to RAM in one-fourth
the access time required for a standard RAM-write operation. This function is especially useful for
applications which require the high-speed rewrite of the display data such as display of colored moving
picture and so on.

In the high-speed RAM write mode (HWM), datato write to RAM is temporarily stored to the internal
register of HD66789. The data storage in the register is executed by word. When the data storage
operation is executed 4 times, all data stored in the register are written to RAM at once. Whilethe datais
being written from the register to RAM, another set of datais being written to the register. This function
enables high-speed and consecutive RAM write, which are required in displaying moving pictures and so
on.

Microcomputer

_-18
Address i l l l
C‘E:rgfr | Register 1 | Register 2 | Register 3 | Register 4 |

16 f”
g

-“OOOOH" “0001H” | “0002H" = “0003H"

» GRAM

Operational flow of High-Speed Burst RAM Write

s, 7\ i

(input;

4 2 3 4
: ]
(input)

RAM || RAM || RAM [l RAM || RAM || RAM || RAM || RAM || RAM || RAM || RAM || RAM
DB15-0 Index | data || data |[ data || data [[ cata || cata [[ cata || cata || data || cata || data || data Index
(nputioutputy | (R22) | " ff 2 2 N SN TN (R22)
RAM write RAM write RAM write

execution time execution time execution time

>

>

RAM write data

(72 bits) RAM data 9 to 12

RAM data 1 to 4 RAM data 5 to 8

RAM address “0000°H X “0004’H X “0008"H X “000A"H
(AC15 t0 0)

The lower two bits of the address must be set as follows in the high-speed write mode.
When IDO = 0, set the lower two bits of the address to 11.
When ID1 = 1, set the lower two bits of the address to 00.

Note : When terminating the high-speed RAM write, wait for the time required for the RAM write execution
(bus cycle line (tCYC) in the normal write mode) before executing the next instruction.

High-Speed Consecutive Writeto RAM
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Cs* _\

(input)

1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
E
(input)

Ind RAM RAM RAM RAM RAM RAM RAM RAM RAM RAM RAM RAM RAM RAM RAM RAM
DB15-0 ndex data | data | data | data | data | data | data | data || data | data | data | data || data | data | data | data

. (R22) 1 1 2 2 3 3 4 4 1 1 2 2 3 3 4 4
(input/output) Upper | lower | Upper | tower | Upper | tower | Upper | tower [ Upper | tower | upper | tower [ upper | tower | upper | tower

RAM write RAM write
execution time execution time "Note
RAM write data

(64 its) RAM data 1to 4 RAM data 5to 8

RAM
(AC15 to 0) “0000"H X “0004"H X

“The lower two bits of the address must be set as follows in high-speed write mode
When IDO = 0, set the lower two bits of the address to 11.
When ID1 = 1, set the lower two bits of the address to 00.

Note : In the high-speed mode (HWM), data are written to the RAM every 4 words. This means in the 8-bit interface mode,
data are written to the RAM for every eight write operation.

Operation of High-Speed Consecutive Writing to RAM (8-Bit I nterface)

Notesto the high-speed RAM write mode
1. Thelogical/compare operations are not available.

2. The RAM write operation is executed every four words. Set the lower 2 bits of the addresses as
follows when setting the address.

*When ID0=0, the lower two bitsin the address must be set to 11 before RAM write.
*When ID0=1, the lower two bits in the address must be set to 00 before RAM write.

3. TheRAM write operation is executed every four words. If the RAM write operation is terminated
before all four-word datais written to RAM, the last data will not be written to RAM.

4. When theindex register is set to R22H (RAM datawrite), the first RAM write operation is aways
executed. Inthiscase, the RAM dataread is not operable simultaneously. During RAM read, set the
HWM to 0.

5. The high-speed RAM write mode is not compatible with the normal RAM write mode. When the
mode must be switched to the other, make a new address set before starting RAM write.

6. When writing datain the high speed RAM write mode within the range specified with the window
address, some window-address range may require dummy write operation. See *High-Speed RAM
Write with Window Address Function”.
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Comparison between Normal and High-Speed RAM Write Operations

Normal RAM Write

High-Speed RAM Write (HWM=1)

(HWM=0)
Logical operation function Available Not available
Compare operation function  Available Not available
BGR function Available Available
Write mask function Available Available

RAM address set

Specified by one
word

IDO bhit=0: Set the lower two bits to 11
IDO bit=1: Set the lower two bits to 00

RAM read

Read by one word

Not available

RAM write

Write by one word

Dummy write operations may be required depending
on the specified window-address range

Window address

Set by one word

Horizontal range(HSA/HSE): more than four words
Number of horizontal writing : 4N (N>=2)

External display interface

Available

Available

AM Setting

AM = 1/0

AM=0
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High-Speed RAM Write with Window Address

To rewrite the datain an arbitrary rectangular area of RAM consecutively in high speed, the number of
RAM access should be made 4 multiple times. Accordingly some window-address range may require
dummy write operation to make the RAM access 4 multiple times. The number of dummy writeis set
when setting the window address as follows.

The horizontal window-address range specifying bits (HSA1-0, HEA1-0) specify the number of dummy
write operations executed at the start and end of the datato writeto RAM. Thetotal RAM access must be
4 multiple times per line.

Number of Dummy Write Operationsin High-Speed RAM Write (HSA Bits)

HSA1l HSAO Number of Dummy Write Operations
inserted

0 0 0

0 1 1

1 0 2

1 1 3

Number of Dummy Write Operationsin High-Speed RAM Write (HEA Bits)

HEA1l HEAO Number of Dummy Write Operations
inserted

0 0 3

0 1 2

1 0 1

1 1 0

The number of RAM access when writing data in the horizontal direction must be made 4 x N times by
including the dummy writes.
Horizontal RAM write = start dummy write + write data + end dummy write=4 x N (times)

An example of RAM writein high speed RAM write mode with the window addressis as follows.

The RAM datain the specified window-address range is written over consecutively in high speed by
inserting two dummy writes at the start of the line and three dummy writes at the end of theline. The
number of dummy writes is specified with the window-address range specifying bits. In this case, set
HSA1-0to 10, HEA1-0 to 00.
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Writing data in the horizontal direction
AM =0, IDO0 = 1

Window address range setting
HSA = h12, HEA = h30
VSA = h08, VEA = hAO

High-speed RAM write mode setting
HWM =

y

Address set
AD =h0810 *Note

i

Dummy RAM write X 2

!

| RAM write X 31

!

| Dummy RAM write X 3

h0000

GRAM address map

h0812

Specified window address
range (rewrite area)

hA030

hEFAF

X153

Window address range setting
HAS = h12, HEA = h30
VSA = h08, VEA = hAO

Note: In the high-speed RAM write mode, the address set must be either 00 or 11
in IDO bit setting. Only the RAM address range specified by window addresses

will be overwritten.

High-Speed RAM Writewith Window Address Function
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Window Address Function

The window address function enables consecutive data write within the rectangular window-address area
on the on-chip GRAM, which is specified with horizontal address registers (start: HSA7-0, end: HEA 7-0)
and vertical address registers (start: VSA7-0, end: VEAT7-0).

The address transition direction is determined with AM hits (either increment or decrement). Accordingly,
the data, including picture data, are written consecutively without taking the data wrap position into
consideration.

The window-address range must be specified within the GRAM address area. An address set must be set
within the window-address range.

[Condition on setting window-address range]
(horizontal direction) OOH < HSA7-0< HSA7-0< AFH

(vertical direction) 00OH < VSA7-0< VEA7-0<EFH
[Condition on making an address set within the window-address range]
(RAM address) HSA7-0<AD7-0<HEA7-0
VSA7-0< AD15-8 < VEA7-0

Note: In high-speed RAM write mode , the lower two bits of the address must be set as follows.
IDO=0: The lower two bits of the address must be set to 11.
IDO=1: The lower two bits of the address must be set to 00.

GRAM address map

Window address range specification area
HSA7-0 =“10"H, HSE7-0 = “2F"H I/D =1 (increment)
VSA7-0 = “20"H, VEA7-0 = “5F"H AM = 0 (horizontal writing)

Addresstransition direction in specified window-addr essrange
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Graphics Operation Function

The HD66789 greatly reduces the load on the graphics-processing software in the microcomputer with the
18-hit bus architecture and the graphics bit operation. The graphics bit operation includes:

1. Thewrite data mask function that selectively rewrites some of the 18-bit write data.

2. The conditional rewrite function that compares the write data and the compare bit data and writes
the data sent from the microcomputer only when the conditions are satisfied.

The graphics bit operation is controlled by setting bits in the entry mode register and RAM-write-data mask
register, and the write operation from the microcomputer.

Graphics Operation

Bit Setting
Operation Mode I/D AM LG2-0 Operation and Usage
Write mode 1 0/1 0 000 Horizontal data replacement
Write mode 2 0/1 1 000 Vertical data replacement
Write mode 3 0/1 0 110111 Conditional horizontal data replacement
Write mode 4 0/1 1 110111 Conditional vertical data replacement

| Microcomputer |

18

Y

Write data latch

18

3 3 Logical operation bit

Address Logical/Compare operation (LG2-0) -+ 7 (LG2-0)
counter 000: replacement 18
(AC) 110: replacement with matched write Compare bit (CP17-0)
111: replacement with unmatched write P

18

A
Write-mask register

Write bit mask |<—/— (WM17-0)

> Graphics RAM (GRAM)

Graphics operation flow
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Write-data Mask Function

The HD66789 expands the 16-bit data sent from the microcomputer into the 18-bit data. In thel8-bit
interface mode, data are not expanded. The write data mask function of the HD66789 controls the write
operation of the 18-bit data from the microcomputer to GRAM by bit. The write data mask function write
data in the bits whose corresponding bits in the write data mask resister (WM17-0) are assigned with “0”.
It does not write data in the bits whose corresponding bits in the write data mask register (WM 17-0) are
assigned with “1”, and the corresponding datain GRAM are not overwritten but retained. Thisfunctionis
useful when only one-pixel data are rewritten or a particular color in the display is selectively changed.

DB17 DBO

Data from |R05|RO4|R03|R02|R01 |ROO|605|604|GOS|GOZ|GOZ|GO1|G00|B05|BO4|B03|BDZ|BO1 |BOO|
the microcomputer

WM17 WMo
Wmedatamask|1|1|1|1|1|1|0|0|0|0|0|0|0|1|1|1|1|0|0|

v

Note : Data are expanded into 18 bits in the 8/16-bit system interface and the 16 RGB interface modes.

Write data mask function

Graphics Operation Processing
1. Writemode 1: AM =0, LG2-0 =000

This mode is used when data are horizontally written in high-speed mode. It is also used to initialize the
graphics RAM (GRAM) or to draw aline horizontally. The write-data mask function (WM 17-0) isalso
available with this mode. After writing, the address counter (AC) automatically increments by 1 (I/D = 1)
or decrements by 1 (1/D = 0), and jumps to the counter at the opposing edge of the next one-raster-row
below after when the counter reaches either I€eft or right edge of GRAM.

Operation example
1) I/D ="1", AM ="0", LG2-0 = "000"
2) WM17-0 = "00FFF"H
3) AC = "0000"H
WM17 WMO

Write-data mask: |0|0|0|0|0|0|1 |1|1|1|1|1|1|1 |1|1|1 |1| *Write-mask <G>, <B> planes.

DB17 DBO

Write-data (1) T e (e e e Data are expanded into 18 bits in 8/16-bit system

interface, and 16-bit RGB interface modes.

Write-data (2) 1|1]ojojof1|ofojojofoj1f1|ojojojofo

“0000’H “0001”.H “0002°H
B[ [ TP TTTFT T T lololo[ [ [T T T T[] weeeeeeeeseeneeseennesenss
Write data (1) Write data (2)
GRAM M et e
Write Mode 1
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2. Write mode 2: AM =1, LG2-0 = 000

This mode is used when data are vertically written in high-speed mode. It is also used to initialize the
graphics RAM (GRAM), develop font patterns or draw aline vertically. The write-data mask function
(WM17-0) isaso available with thismode. After writing, the address counter (AC) automatically
increments by 256, and automatically jumps to the counter either at the top of the next right row (ID = 1) or
at the top of the next left row (1/D = 0) according to the setting in the 1/D bit, when the address reaches the

bottom of GRAM.

Operation example

1) /D ="1", AM ="1", LG2-0 = "000"
2) WM17-0 = "00FFF"H

3) AC ="0000"H

WM17 WMo
Write-data mask: |0|0|0|0|0|0|1|1|‘||1|1|1|1|‘||1|1|1|1|
DB17 DBO
wite-data (1):|1|ofo[1|1[1[1]|1]1[1[o[o[1|0]|o[o]o

Write-data (2):  11{1]0[0]0|1[0]0]0]0]0]1]1{0]0]0]0|0| Data are expanded into 18 bits in 8/16-bit system
interface, and 16-bit RGB interface modes.

Write-data (3):10[1]1|1|1]|0{1]0]0[0[1[0[0]0[0[O] 1|1

“0000"H |1|0|0|1|1 T whte-gta 1)
“0001"H |1|1|0|0|0 P write-data 2)
“0002"H |0|1|1|1|1 Of*[*1*1* [ (1 [ 111 | | wwrite-data (3)

GRAM

Note 1) The bits in the GRAM with "are not overwritten.
Note 2) After writing data to the address "EF00"H, the address counter jumps to
"0001"H.

Write Mode 2
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3. Writemode 3: AM =0, LG2-0=110/111

This mode is used when data are horizontally written with comparing the write data and the value set in the
compare register (CP17-0) by R, G, B pixel. When the result of the comparison satisfies a condition, the
write data sent from the microcomputer are written to GRAM. The write-data mask function (WM 17-0) is
also available with thismode. After writing, the address counter (AC) automatically increments by 1 (I/D
= 1) or decrements by 1 (1/D = 0), and jumps to the counter at the opposing edge of the next one-raster-row
below after when the counter reaches either Ieft or right edge of GRAM.

Operation example

1)1/D="1", AM ="0", LG2-0 = "110" (matched writing)
2)CP17-0 = "050C0"H

3)WM17-0 = "00000"H

4) AC ="0000"H

wMm17 WMO
Write-data mask: |0|0|0|0|0|O|0|O|0|O|0|0|0|0|0|0|0|0|

CP17 CPO )
compare regiser:[o[o]o[]o]1]o]ofofo[[1]o]o]o[o[ofof - cPer=ter

DB17 (Matched) DBO 4 | Conditional replacement
Write-data (1) |o|o|o|1|0|1|0|0|0|0|1|1|0|0|0|0|0|0|—éw:—®+|0|0|0|1|0|1|0|0|0|0|1|1|0|0|0|0|0|0|
] —_—

~—_———

Compare 1 Replacement
operation L Conditional replacement
Write-data (2): |0|0|0|0|0|0|1|1|1|1|1|1|0|0|0|0|0|0|__é_®_> e[| | | e e [ f e o ] Lo e [ e ] ] e [
Data are expanded into 18 bits in 8/16-bit system
interface, and 16-bit RGB interface modes.
"0000"H "0001"H
OB e e T T T TTIELT]
write data (1)
matched
replacement GRAM

WriteMode 3
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4. Writemode4: AM =1, LG2-0=110/111

This mode is used when data are horizontally written with comparing the write data and the value set in the
compare register (CP17-0) by R, G, B pixel. When the result of the comparison satisfies a condition, the
write data sent from the microcomputer are written to GRAM. The write-data mask function (WM 17-0) is
also available with thismode. After writing, the address counter (AC) automatically increments by 256,
and automatically jumps to the counter either at the top of the next right row (ID = 1) or at the top of the
next |eft row (1/D = 0) according to the setting in the 1/D bit, when the address reaches the bottom of
GRAM.

Operation example
1) 1/D="1", AM ="1", LG2-0 = "111" (unmatched writing)
2)CP17-0 = "0A0CO"H
3)WM17-0 = "00000"H
4) AC ="0000"H

WMO
Write-data mask: |0|0|0|0|0|0|0|O|0|O|0|O|0|O|0|0|0|0|

CPO
Compare register: |0|0| |0| |0|0|0|0|0| | |0|O|0|O|O|O|—

Compare operation

1
DB17 v |

Conditional replacement
weite-data (1) [1]o]ofa]a[1 |o|0|11 0| [1]1]1]1 |1|—é @ {1[olo[]1]1]olo1[1]o[o[1[1[1]1]1]1]
~——— —_—

]
Compare | Replacement
]

(Matched) operation

wisss e FFTTOTTOFoE eIl & @ -

Conditional replacement
*

d | x| x x| x| *

Data are expanded into 18 bits in 8/16-bit system
interface, and 16-bit RGB interface modes.

"0000"H "0100"H
~oooor+ {0]ot]ofof4]«[ofofaf1 efofa effa]] wie-cata r
S RER R RRRRRERARERARE (2)
: GRAM
"EF00"H

Note 1) The bits in the GRAM with “are not overwritten.
Note 2) After writing data to the address "EF00"H, the address counter jumps to
"0001"H.

Write Mode 4
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y-Correction Function

The HD66789 incorporates y-correction function to simultaneously display 262,144 colors, by which 8-
level grayscaleis determined by the gradient-adjustment and fine-adjustment registers. Select either
positive or negative polarity of the registers according to the characteristics of aliquid crystal panel.

Graphics RAM(GRAM)
Y S = LSB

P 0 2 0 N A N 2 2 2

data I Rsl R4|R3| Rzl R1| Ro” GslGAlGalel G1| Gull 85| B4|Bal le B1| Bol
7 < ve

PKP 02| PKP o1 | PKP 6

PKP 12| PKP 11 | PKP 1o

PKP 22 | PKP 21 [ PKP 2

Positive
Polarity
Register PKP 42| PKP 41 | PKP 49

PKP 52 |PKP 51 | PKP 5o

PKP 35 | PKP 31 | PKP 5

PRP g, |PRP ot | PRP
02 01 00 L6 L 6 16
PRP 1, [PRP 11| PRP ) | Y
S
VRP 3| VRP g2 |VRPo1 | VRPgo <'<n
Q 32-level grayscale 32-level grayscale 32-level grayscale
VRP14| VRP13] VRP12|VRP11| VRP1o % control <R> control <G> control <B>
z
PKNo2 | PKNo1 | PKNoo S FRC control FRC control FRC control
PKN 15 [PKN 11 | PKN 10 > -
= LCD driver LCD driver LCD driver
Negative PKN2z | PKN21 | PKN 2o
Polarity PKN 3z |PKNas | PKN3o
Register PNz | PKN.¢1 | PKN 4o A Y
PKN s, |PKNsq | PKNso
PRNgz |PRNg¢ | PRNgg
PRN12 |PRN1¢ | PRN1q

VRNg3 | VRNgz |[VRNo1 | VRNgo
VRNj4| VRN13| VRN;2 [VRN11 | VRN1o LCD

Grayscale control

Rev.0.12, May 09 2003, page 111 of 156
RENESAS




HD66789 Preliminary

Configuration of Grayscale Amplifier

The eight levels (VINO-7) of grayscale are determined by the gradient adjustment and fine adjustment
registers. The 8 levelsarethen divided into 32 levels (V0-31) by the ladder resistors placed between each
level.

Gradient Amplitude
Adjustment Fine Adjustment Registers (6 x 3bits) Adjustment
Register Register
PRP/NO PRP/N1 PKP/NO PKP/N1 PKP/N2 PKP/N3 PKP/N4 PKP/N5 || VRP/NO VRP/N1
3 N E] 13 13 13 13 13 13 4 15
VREG10UT h
#
VINPO/VINNO
— vo
<-
=
JL|
VINP1/VINN1
— Vi
g5 — V2
g~ — V3
v .
VINP2/VINN2 :
§ gz —» vs
5 % g2 —» v9
=} .
Q = .
o Y .
VINP3/VINN3 :
g = - o FH—»vis
P = g5 s —»vi7
& R s |
7} N vV o .
g VINPAVINNG | 8 :
3 9o o [—®» V1o
g2 > [—®» V20
= ] 3 |
= — VINPSVINNG [ = | ¢
go 2 v
g8 D e V1
= — v26
—"—| VINP6/VINNG :
®» P v30
e 5
g%
S
®
% VINP7/VINN7 > Vs

VGS I—,

Grayscale amplifier
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VDH
-
VRPO
0~30R
| LuP0 : VINPO > : VINNO >
5R PKPO[2:0] PKNO[2:0]
.
8to1
R L —Lue> Vit >
VRHP
0~28R E< PKP1[2:0]| PKN1[2:0] |
"
RPY KVP11
RP10 KVP12
1R RP11 Kvp1a] 8o * VINP. R RN11 kvn13| 8to 1 VINN2
g ~Pi2 kveia| SEL RN12 KvNi4| SEL
RP1 KVP1 RN KUN1
RP14 KVP16 RN14 KVN16
5R RP15 PKP2[2 5R BN RN 15 PKN2[2:0]
KvP17 KVN17
{ RP16 KvP18 1 RN16 KVN18
RP17 KVP19 RN17 KVN19
RP18 KVP20 RN18 KVN20
1R | rrio Kvp21 | 8to 1 VINP3 1R RN19 KvN21 ] 8 to 1 VINN3
RP20 Kyp22 | SEL RN20 KVN22| SEL
RP21 KvP23 RN21 KVN23
. RP22 KvP24 . RN22 KVN24
16R RP23 < PKP3[2:0] | 16R RN23 < PKN3[2:0] ]
. K\VP. KYN
( RP24 KVP26 ( RN24 KVN26
RP25 KVP27 g Rn2s KN
| Rp2s KvP28 RN26 KVN28
1R RP27 KVP29 gé°|_1 VINP4 1R RN2T nze] 8101 L [Vinna >
RP28 KVP30 RN28 wvnao| SEL
RP29 KVP W KN
RP30 KVP32 RN30 KVN32
5R RP31 PKP4[2:0] 5R RN31 PKN4[2:0]
KvP33 KVN33
1 RP32 KvP34 r W RN32 KVN34
RP KVP35 RN KVN35
RP34 Kyp3s | 8to 1 RN34 KvN36 | 8 to 1
R RP35 kvear] SEL —{ vinp 5> RNGS onsT|seL — VNS >
RP36 KvP38 RN36 KVN38
RP KVP39 RN KVN39
RP38 KVP40 RN38 KVN40
VRLP — VRLN —
vezor 21— PRPI20]| _E< PKP5[2:0]] 0-26r Fe—<PRN1[2:0] I(PKNS[Z:O]I
KvP41 KVN41
r RP39 KVP42 ¢ KVN42
RP40 kveagf o RN40 KVN43
RP41 KVP44 o RN41 KVN44 | 8to 1
4R RP42 KkvpPas | SEL VINP 6, 4R RN42 KyNas | SEL VINNG
RP43 KVP46 RN43 KVN46
RP44 KVP47 RN44 KVN47
. RP45 KVP48 . RN45 KVN48
5R RP46 SR RN46
KVP49 KVN49
: VINP 7> :VINN? >
VRP1 & RPTAS VRN .
0~31R 3 0-31R 2 VRNT4:0]
VGS g N Rp47 SR WM RN47

Ladder Resistors and 8-to-1 Selector
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y-Correction Register

The y-adjustment register is a group of registersto set an appropriate grayscale voltage for they-
characteristics of aliquid crystal panel. The register group is categorized into the ones adjusting gradient,
amplitude, and fine-tuning in relation to grayscale number and grayscale voltage characteristics. Each
register can make an independent setting for the positive/negative polarity. The reference value and RGB
are common to both polarities.

Glayscale voltage
Glayscale voltage
Glayscale voltage

RN
Grayscale number Grayscale number Grayscale number
Gradient adjustment Amplitude adjustment Fine adjustment

Gradient, Amplitude, Fine Adjustments
1. Gradient adjustment registers

The gradient adjustment registers are used to adjust the gradient around the middle of the grayscale number
and voltage characteristics without changing a dynamic range. To adjust a gradient, the values of the
variable resistors (VRHP (N)/VRLP (N)) in the middle of the ladder resistor block for grayscale voltage
generation are controlled. The registers incorporate separate registers for positive and negative polarities to
be compatible with asymmetric drive.

2. Amplitude adjustment registers

The amplitude adjustment registers are used to adjust the amplitude of the grayscale voltage. To adjust the
amplitude, the values of the variable resistors (VRP(N)1/0) in the bottom of the ladder resistor block for
grayscale voltage generation are adjusted. Same with the gradient registers, the amplitude adjustment
registers also incorporate separate registers for positive and negative polarities.

3. Fine adjustment registers

The fine adjustment register is to fine-adjust the grayscale voltage level. To fine-adjust the grayscale
voltage level, each level of 8-level reference voltages generated from the ladder registersis controlled by 8-
to-1 selector. Same with the other registers, the fine-adjustment registers also incorporate separate registers
for positive and negative polarities.
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y-Correction Registers

Register Positive Negative Description

Groups Polarity Polarity

Gradient PRPO2to 0 PRNO2to O Variable resistor VRHP (N)

adjustment PRP12t00  PRN12t00 Variable resistor VRLP (N)

Amplitude VRPO31t00 VRNO 3to 0 Variable resistor VRP (N)O

adjustment VRP14t00  VRN14t00 Variable resistor VRP (N)1

Fine adjustment PKP0O2to 0 PKNO2to 0 8-to-1 selector (voltage level of grayscale 1)
PKP12to0 PKN12toO 8-to-1 selector (voltage level of grayscale 8)
PKP221t00 PKN22to 0 8-to-1 selector (voltage level of grayscale 20)
PKP32t00 PKN32to 0 8-to-1 selector (voltage level of grayscale 43)
PKP421t00 PKN42to 0 8-to-1 selector (voltage level of grayscale 55)
PKP521to 0 PKN52to0 8-to-1 selector (voltage level of grayscale 62)

Ladder resistorsand 8-to-1 selector
Block configuration

The block diagram of page 112 consists of two ladder resistors including variable resistors, and 8-to-1
selectors which select the voltage generated by the ladder resistors to output a reference voltage for the
grayscale voltage. The variable resistors and the 8-to-1 selectors are controlled by the y correction registers.
Pins that are connected to a variable resistor are provided to compensate the variation among the panels.

Variableresistor

There are three kinds of variable resistors for the gradient adjustment (VRHP(N)/VRLP(N)), the amplitude
adjustment (1) (VRP(N)0), and the amplitude adjustment (2) (VRP(N)1). The resistance is determined by
the gradient adjustment and amplitude adjustment registers as is shown below.

Gradient adjustment Amplitude adjustment (1) Amplitude adjustment (2)

Contents of Register  Resistance Contents of Register ~ Resistance Contents of Register  Resistance

PRP(N) 0/1[2:0] VRHP(N) VRP(N)0[3:0] VRP(N)O VRP(N)1[4:0] VRP(N)1

VRLP(N)

000 OR 0000 OR 00000 OR
001 4R 0001 2R 00001 1R
010 8R 0010 4R 00010 2R
011 12R . . . .
100 16R . . . .
101 20R 1101 26R 11101 29R
110 24R 1111 28R 11110 30R
111 28R 1111 30R 11111 31R
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8-to-1 selector

The 8-to-1 selectors select a voltage level generated by the ladder resistors according to the fine adjustment
registers, and output six kinds of reference voltage, VIN1 to VIN 6. The relationship between the fine
adjustment register and the selected voltage is as follows.

Fine adjustment registers and selected voltage

The value of Register  Selected Voltage

PKP(N)[2:0] VINP(N)L VINP(N)2  VINP(N)3  VINP(N)4  VINP(N)5  VINP(N)6
000 KVP(N)L KVP(N)9  KVP(N)17 KVP(N)25 KVP(N)33  KVP(N)41
001 KVP(N)2 KVP(N)I0 KVP(N)1I8 KVP(N)26  KVP(N)34  KVP(N)42
010 KVP(N)3 KVP(N)I1  KVP(N)19  KVP(N)27  KVP(N)35  KVP(N)43
011 KVP(N)4  KVP(N)12  KVP(N)20  KVP(N)28 KVP(N)36  KVP(N)44
100 KVP(N)5 KVP(N)I3  KVP(N)21  KVP(N)29  KVP(N)37  KVP(N)45
101 KVP(N)6  KVP(N)14 KVP(N)22  KVP(N)30  KVP(N)38  KVP(N)46
110 KVP(N)7 KVP(N)I5 KVP(N)23  KVP(N)31  KVP(N)39  KVP(N)47
111 KVP(N)8 KVP(N)16  KVP(N)24  KVP(N)32  KVP(N)40  KVP(N)48
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The grayscale levels (V0-V31) are calculated according to the following formulas.

Formulasfor calculating voltage (Positive polarity) (1)

Pin Formula Fine adjustment register value \F/l;!(earegce
KVPO | VREG1OUT -AV*VRPO/SUMRP - VINPO
KvP1 | VREGIOUT - AV* VRPO+5RYSUMRP. PKP02-00 = "000"
KvP2 | VREG1OUT -AV* VRPO+9R)/SUMRP PKI
KVP3 | VREGIOUT - AV* VRPO+13RYSUMRP. P!
KvP4 | VREGIOQUT - AV* VRPO+17RYSUMRP. P! VINPA
KVP5 | VREG1OUT - AV* VRPO+21RYSUMRP P!
KVP6 | VREGIOUT - AV* VRPO+25RYSUMRP. P
KvP7 | VREGIOQUT - AV* VRPO+29RVSUMRP. P
KVP8 | VREGIQUT - AV* VRPO+33RYSUMRP. P
KvP9 | VREGIOUT - AV*(VRP0+33R+VRHPYSUMRP P
KVP10 | VREGIOQUT - AV*(VRPQ+34R+VRHPYSUMRP P
VP11 | VREG1OUT - A V*(VRPO+35R+VRHPYSUMRP P
VP12 | VREGI1QUT - AVA(VRPO+36R+VRHPYSUMRP P
KVP13 | VREG1QUT - AV*(VRPQ+37R+VRHPYSUMRP P VINP2
KVP14 | VREG1OUT - A V*(VRP0+38R+VRHP)SUMRP P
KVP15 | VREGIQUT - AV*(VRPQ+39R+VRHPYSUMRP P
KVP16 | VREG1QUT - A VA(VRPO+40R+VRHPYSUMRP. P
KVP17 | VREG1OUT - A V*(VRPO+45R+VRHP)/SUMRP P
KvP18 | VREGIOUT - AVH(VRPO+46R+VRHPYSUMRP P
KvP19 | VREGIQUT - AV*(VRPO+47R+VRHPYSUMRP P
KVP20 | VREG1OUT - A V*(VRPO+48R+VRHP)/SUMRP P
KVP21 | VREGIQUT - A V*(VRPQ+49R+VRHPYSUMRP P VINP3
KVP22 | VREGIQUT - AV*(VRPO+50R+VRHPYSUMRP P
KVP23 | VREG1OUT - A V*(VRPO+51R+VRHP)/SUMRP P
KVP24 VREGIOUT - AV*(V/RPO+82R+VRHPYSUMRP P!
KVP25 | VREGIQUT - AV*(VRPO+68R+VRHPYSUMRP P
KVP26 | VREG1OUT - A V*(VRPO+69R+VRHP)/SUMRP P
KvP27 | VREGIOUT - AVH(VRPO+70R+VRHPYSUMRP P
KVP28 | VREGIQUT - AV*(VRPO+71R+VRHPYSUMRP P
KVP29 | VREG1OUT - A V*(VRPO+72R+VRHP)/SUMRP P VINP4
KVP30 | VREGIOUT - AVH(VRPO+73R+VRHPYSUMRP P
KVP31 | VREGIOUT - AV*(VRPO+74R+VRHPYSUMRP P
KVP32 | VREG1OUT - A V*(VRPO+75R+VRHP)SUMRP
KVP33 | VREGIOUT - AV*(VRPO+80R+VRHPYSUMRP
KvP34 | VREGIOUT - AV*(VRPO+81R+VRHPYSUMRP
KVP35 | VREG1OUT - A V*(VRPQ+82R+VRHP)/SUMRP
KVP36 | VREGIQUT - AV*(VRPO+83R+VRHPYSUMRP VINPS
KvP37 | VREGIQUT - AV*(VRPO+84R+VRHPYSUMRP
KVP38 | VREG1OUT - A V*(VRP0+85R+VRHP)/SUMRP
KVP39 | VREGIOQUT - AV*(VRPO+86R+VRHPYSUMRP
KvP40 | VREG1QUT - AV*(VRPO+87R+VRHPYSUMRP
KVP41 | VREG1OUT - A V*(VRPO+87R+VRHP+VRLPYSUMRP.
KvP42 | VREGIOUT - AV*(VRP0+91R+VRHP+VRI PYSUMRP.
KVP43 | VREGIQUT - AV*(VRPO+95R+VRHP+VRI PYSUMRP
KVP44 | VREG1OUT - A V*(VRPO+99R+VRHP+VRLPYSUMRP.
K\VP45 | VREG1QUT - A V*(VRPO+103R+VRHP+VRI PYSUMRP VINPE
KVP46 | VREG1OUT - A V*(VRPO+107R+VRHP+VRLPYSUMRP
KvPa7 | VREGIQUT - AV*(VRPO+111R+VRHP+VRI PYSUMRP
KVP48 | VREG1OUT - AV*(VRPO+115R+VRHP+VRI PYSUMRP
KVP49 | VREG1OUT - A V*(VRPO+120R+VRHP+VRLP)/SUMRP. VINP7

SUMRP : Sum of positive ladder resistors = 128R+VRHP+VRLP+VRPO+VRP1
SUMRN : Sum of negative ladder resistors = 128R+VRHN+VRLN+VRNO+VRN1

AV : Voltage difference between VREGIOUT and VGS
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Formulasfor calculating voltage (Positive polarity) (2)

Grayscale

Vo,tige Formula
VO VINPO
V1 V4+(VINP1-V4)*(15/24)
V2 V4+(VINP1-V4)*(8/24)
V3 V4+(VINP1-V4)*(4/24)
V4 VINP2
V5 V10+(V4-V10)*(20/24)
V6 V10+(V4-V10)*(16/24)
V7 V10+(V4-\VV10)*(12/24)
V8 V10+(V4-V10)*(8/24)
V9 V20+(V8-V20)*(4/24)
V10 VINP3
V11 V21+(V10-V21)*(21/24)
V12 V21+(V10-V21)*(19/24)
V13 V21+(V10-V21)*(17/24)
V14 V21+(V10-V21)*(15/24)
V15 V21+(V10-V21)*(13/24)
V16 V21+(V10-V21)*(11/24)
V17 V21+(V10-V21)*(9/24)
V18 V21+(V10-V21)*(7/24)
V19 V21+(V10-V21)*(5/24)
V20 V21+(V10-V21)*(3/24)
V21 VINP4
V22 V27+(V21-V27)*(20/24)
V23 V27+(V21-V27)*(16/24)
V24 V27+(V21-V27)*(12/24)
V25 \V27+(V21-V27)*(8/24)
V26 V27+(V21-V27)*(4/24)
V27 VINPS
V28 VINP6+(V27-VINP6)*(20/24)
V29 VINP6+(V27-VINP6)*(16/24)
V30 VINP6+(V27-VINP6)*(9/24)
V31 VINP7

Note : Make sure DDVDH - VO > 0.5V

DDVDH -V4 > 1.1V
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Formulasfor calculating voltage (Negative polarity) (1)

Pin Formula Fine adjustment register value \F/{:If(eage;ce
KVPO | VREG10OUT -AV*VRNO/SUMRN - VINNO
KVN1 | VREG10UT - AV* VRNO+5RYSUMRN PKN 02-00 = "000"
KvN2 | VREG1OUT - AV* VRNO+9RYSUMRN PKN 02-00 = "001"
KVN3 | VREGIOUT-A V* VRNO+13RVSUMRN PKN 02-00 = "010"
KVN4 | VREG10UT - A V* VRNO+17RYSUMRN PKN 02-00 ="011"
KVN5 | VREG1OUT-A V* VRNO+21RYSUMRN PKN 02-00 = "100" VINN1
KVYN6 | VREG1QUT - A V* VRNO+25RYSUMRN PKN 02-00 = "101"
KVN7 VREG1OUT - A V* VRNO+29R)/SUMRN PKN 02-00 = "110"
KNS VREGIOUT - A V* VRNO+33RVSUMRN PKN 02-00 ="111"
KVN9 | VREG1QUT - A V*(VRNQ+33R+VRHNYSUMRN PKN 12-10 = "000"
KVN10 | VREG10UT - A V*(VRNO+34R+VRHN)/SUMRN PKN 12-10 = "001"
KN11| VREG1OUT - A V*(VRNOQ+35R+VRHNYSUMRN PKN 12-10 = "010"
KVYN12| VREG1QUT - A V*(VRNQ+36R+VRHNYSUMRN PKN 12-10 ="011"
KVN13 | VREG10UT - A V*(VRNO+37R+VRHN)/SUMRN PKN _12-10 = "100" VINN2
KYN14| VREG10OUT - A V*(VRNO+38R+VRHNYSUMRN PKN 12-10 = "101"
KYN15] VREG10UT - A V*(VRNO+39R+VRHN)/SUMRN PKN 12-10 = "110"
KVYN16| VREG10UT - A V*(VRNO+40R+VRHN)/SUMRN PKN 12-10 = "111"
KYN17| VREG10UT - A V*(VRNO+45R+VRHNYSUMRN PKN 22-20 = "000"
KVYN18] VREG1OUT - A V*(VRNQ+46R+VRHNYSUMRN PKN 22-20 = "001"
KVN19 | VREG1OUT - A V*(VRNO+47R+VRHN)/SUMRN PKN 22-20 ="010"
KyN20| VREG10UT - A V*(VRNO+48R+VRHN)/SUMRN PKN 22-20 = "011"
KVYN21| VREG1OUT - A V*(VRNQ+49R+VRHNYSUMRN PKN 22-20 = "100" VINN3
KVN22 | VREG10UT - A V*(VRNO+50R+VRHN)/SUMRN PKN 22-20 ="101"
KyN23| VREG1OUT - A V*(VRNO+51R+VRHN)/SUMRN PKN 22-20 ="110"
KVYN24| VREG1OUT - A V*(VRNO+52R+VRHN)Y/SUMRN PKN 22-20 = "111"
KVN25 | VREG10UT - A V*(VRNO+68R+VRHN)/SUMRN PKN 32-30 = "000"
KVN26| VREG1OUT - A V*(VRNO+69R+VRHN)/SUMRN PKN 32-30 = "001"
KVN27 | VREG10UT - A V*(VRNO+70R+VRHN)/SUMRN PKN 32-30 = "010"
KVN28 | VREG1OUT - A V*(VRNO+71R+VRHN)Y/SUMRN PKN 32-30 = "011"
KYN29 | VREG1OUT - A V*(VRNO+72R+VRHN)/SUMRN PKN 32-30 ="100" VINN4
KVN3o| VREG10OUT - A V*(VRNO+73R+VRHN)/SUMRN PKN 32-30 = "101"
KVN31| VREG1OUT - A V*(VRNO+74R+VRHN)/SUMRN PRN 32-30 = "110"
KvN32 | VREG1OUT - A V*(VRNO+75R+VRHN)/SUMRN PRN32-30 ="T11"
KVN33| VREGTOUT - A V*(VRNO+80R+VRHNYSUMRN PKN 42-40 = "000"
KVN34 | VREG10UT - A V*(VRNO+81R+VRHN)/SUMRN PKN 42-40 = "001"
KVN35| VREG1OUT - A V*(VRNO+82R+VRHN)/SUMRN PKN 42-40 = "010"
VREG10UT - A V*(VRNO+83R+VRHN)Y/SUMRN PKN 42-40 = "011" VINN
KVN37 | VREG10UT - A V*(VRNO+84R+VRHN)/SUMRN PKN 42-40 = "100" 5
KvNag| VREG1OUT - A V*(VRNO+85R+VRHN)/SUMRN PKN 42-40 = "101"
KVN39| VREGIOUT - A V*(VRNO+86R+VRHN)/SUMRN PKN 42-40 = "110"
KVN40 | VREG10UT - A V*(VRNO+87R+VRHN)/SUMRN PKN 42-40 = "111"
KvN41| VREG10UT - A V*(VRNO+87R+VRHN+VRLP)/SUMRN PKN 52-50 = "000"
KVN42 | VREG1OUT - A V*(VRNO+91R+VRHN+VRLPYSUMRN PKN 52-50 = "001"
KVN43 | VREG10UT - A V*(VRNO+95R+VRHN+VRLP)Y/SUMRN PKN 52-50 = "010"
KVN44 | VREG10UT - A V*(VRNO+99R+VRHN+VRLP)/SUMRN PKN 52-50 = "011"
KVN45 | VREG1OUT - A V*(VRNO+103R+VRHN+VRLPYSUMRN | PKN 5250 = "100" VINNG
VREG10OUT - A V*(VRNO+107R+VRHN+VRLPYSUMRN | PRN 52.50 = "101"
KVN47 | VREG10UT - A V*(VRNO+111R+VRHN+VRLPYSUMRN | PKN 52-50 = "110"
KVN48 | VREG10UT - A V*(VRNO+115R+VRHN+VRLPYSUMRN | PKN 52-50 = "111"
KVN49 | VREG10UT - A V*(VRNO+120R+VRHN+VRLPYSUMRN - VINNT

SUMRP : Sum of positive ladder resistors = 128R+VRHP+VRLP+VRP0+VRP1
SUMRN : Sum of negative ladder resistors = 128R+VRHN+VRLN+VRNO+VRN1

AV: Voltage difference between VREG10UT and VGS
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Formulasfor calculating voltage (Negative polarity) (2)

Grayscale
Voltage

Formula

VO

VINNO

Vi1

V4+(VINN1-V4)*(15/24)

V2

VA4+(VINN1-V4)*(8/24)

V3

VA+(VINN1-V4)*(4/24)

V4

V5

VINN2
V10+(V4-VI10Y (20/24)

V6

V10+(V4-V10)*(16/24)

V7

V10+(V4-V10)*(12/24)

V8

V10+(V4-V10)*(8/24)

AVAS)

V20+(V8-V20)*(4/24)

V10

VINN3

Vi1

V21+(V10-V21)*(21/24)

V12

V21+(V10-V21)*(19/24)

V13

*

V21+(V10-V21)*(17/24

Vi4

V15

)(

)¥( )
V21+(V10-V21)*(15/24)
V21+(V10-V21 ) (13/24)

V16

V21+(V10-V21)*(11/24)

V17

V21+(V10-V21)*(9/24)

V18

V21+(V10-V21)*(7/24)

V19

V21+(V10-V21)*(5/24)

V20

V21+(V10-V21)*(3/24)

V21

VINN4

V22

V27+(V21-V27)*(20/24

V23

V27+(V21-V27)*(16/24

V24

121

V25

V27+(V21-V27)*(8/24)

V26

)(

)(
V27+(V21V27) (12/24

)
27+ (V2T 27 (424)

Va7

VINNS

V28

VINNG +(V27-VINNG)*(20/24)

V29

VINNG +(V27-VINNG)*(16/24)

V30

VINNG +(V27-VINNG)*(9/24)

V31

VINN7

Note : Make sure DDVDH - VO > 0.5V
DDVDH - V4 > 1.1V
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Relationship between RAM data and output level

The relationship between the RAM data and the source output level is as follows.

VO
Negative polarity

Positive polarity

V31

RAM data

(Common for each RGB pixel)

000000

111111

RAM data and the output voltage

Negative polarity

Vcom
Positive polarity

Source output and Vcom
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8-color Display Mode

The HD66789 incorporates 8-color display mode. The available grayscale levels are VO and V31, and the

voltages for the other levels (V 1-V 30) are halted to reduce power consumption.

The y-fine-adjustment registers, PK PO-PKP5 and PKNO-PKN5 are not available in the 8-color display
mode. Since the power supply for the levels V1-V30 are halted, RGB datain GRAM should be set to

either “000000” or “111111" before setting this mode so that VO or V31 is selected.

Graphics RAM(GRAM)

Y Yy YV VY

Y Y Y vy

Display

data I R5| R4|R3| R2| R1| Ro” G5|G4|G3|G2| G1| Goll le B4|Bal le B1| Bul
7 N, 7

PKP 02 | PKP o1 | PKP 0
PKP 1| PKP 11 | PKP 1o

" PKP 52 |PKP 51 | PKP 2
Positive

Polarity
Register PKP 42 | PKP 41 | PKP 40

PKP 52 | PKP 51 | PKP 50

PKP 35 | PKP 31 | PKP 5

PRP g2 |PRPo1 | PRP g
PRP12|PRP 11 | PRP 1

VRP 3| VRP g2 | VRPo1 | VRPog

IVRPu VRP43| VRP12|VRP41 | VRP1g

PKNo2 | PKNg1 | PKNgg

PKN 12 |PKN 11 | PKN 1o

Negative PKN2z | PKN21 | PKN2g

Polarity PKN 32 | PKN31 | PKN3o
Register

PKN 42 | PKN41 | PKN4g
PKNsz |PKNsq | PKNso

PRNoz | PRNo1 | PRNgo
PRN12 |PRN11 | PRN+g
VRNo3 | VRNgz [ VRN | VRN

VRN14| VRNy3| VRN12 [VRN11 | VRN

6 16

Y

2 - level grayscale
control <R>

2 - level grayscale 2 - level grayscale
control <G> control <B>

@
o2
)
<
@
Q
oR
®
>
3
j=3
=
@
|

| LCD driver

| | LCD driver | | LCD driver |

A

R

Grayscale control
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To switch between the 262, 144-color mode and the 8-color mode, make settings according to the following

sequences.

262,144 to 8 colors

Display off
GON =*1"
DTE =“1"
D1-0 =“10”
I
Wait (2 frame or more)
I

Display off
GON =*1"
DTE =“0”
D1-0 = “10”

I
Wait (2 frame or more)
I

Display off
GON ="0"
DTE =“0"
D1-0 =“00"

| Setting of RAM |
I

| cL="1" |
|

| Wait (40 msec or more) |

Display on
GON ="0"
DTE =“0"
D1-0 = “01”
I
Wait (2 frame or more)
|
Display on
GON =1
DTE=0
D1-0 =01

Display on
GON ="1"
DTE =“0"
D1-0 =“11”
|
Wait (2H or longer)
|
Display on
GON ="1"
DTE =“1"
D1-0 ="“11"

Displaying
in 8-color mode

8 to 22,144 colors

Display off
GON ="1"
DTE =“1"
D1-0 = “10”
I
Wait (2 frame or more)
I
Display off
GON =*1”
DTE =“0"
D1-0 =*“10”
I
Wait (2 frame or more)
I
Display off
GON ="0"
DTE =“0”
D1-0 = “00”

| Setting of RAM |
I

| cL="0" |
[

| Wait (40 msec or more) |

Display on
GON =0"
DTE =“0"
D1-0 =“01”
I
Wait (2 frame or more)

Display on
GON ="1"
DTE =“0"
D1-0 =“01”
Display on
GON =“1"
DTE =“0"
D1-0 ="11"

|
Wait (2H or longer)
|

Display on
GON ="1"
DTE =“1"
D1-0 ="“11"

p! 9
262,144-color mode
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System Configuration

The following figure illustrates an example of configuring a TFT-LCD panel of 176x 240 dots
withHD66789.

176 pixels x 3
G1
G2
o -SiTFT 240
G239
G240
S182 — ———— S527S528

Source Driver Circuit

Power Supply

bebe Circuit

HD66789 [ =

Gate Driver
Circuit

il BEEERIREG

Vci1 Vi 18y 4 3 184 4] Vcc GND

DBO~17 |M2,IM1,vip PDO~17
RESET IMO/ID

CS*WR*, VSYNC
RD*, RS HSYNC
DOTCLK

ENABLE

System configuration with HD66789
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Configuration of Power Generation Circuit
The internal configuration of power generation circuit of HD66789 is as follows.
; VREG10UT
arnerse”™ ™ veiLvL T
» Aoment | [ S Source Driver O $1-5528
REGP C\rcui (VDH Adjustment)

VeomH voltage
adjustment
(in case of

¥ Adjustment
Circuit

—e

Note 1)

l—/;_

G1G240

adjusting
with external
variable resistors) VciOUT
Output AMP
VcomR Y Adjustment
Circuit
Vei1 ry——
4 ‘com
= c11 adjustment
| " - Circuit
\/ncwcgae'ronuu(:‘un(g Ci1e Step-up \C/Egi;;sceale
amelfer ci Circuit 1 | amm Genegration
- VLOUT1 Circuit
Note 2) [ ] 4 I
DDVDH
_ VeomH output
Amplifier
Ci12+
C21-
C21+
c22- omomuae |—| Yoomt upu
C22+
Step-up
VLOUT2 Circuit 2
Note 2)[ ] 0—'
VGH
VLOUT3
VeH ]
VGL Gate Driver
VGL .
Notes 2),3
VLOUT4
VCL
Note 4) HD66789

Note 1) Connect stabilizing capacitors to the TESTA4 panel as required for the display quality of

the panel and voltage consumption (0.1uF, characteristic B). Otherwise, adopt 1uF, characteristic B.
Note 2) Place a shot-key diode (VF = about 0.4V/20mA, VR >=30V).
Note 3) Wiring from GND or VGL to the shot-key dioode must be 10Q or less.
Note 4) Capacitors are not required when VCOMG = 0 (VCOML = GND).
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Specification of External Elements Connected to HD66789 Power Supply

The following table shows specifications of external elements connected to HD66789 power supply.

Capacitor

Capacity

Recommended voltage

Connect pins

1 uF (B characteristic)

6V

VREG1OUT, VciOUT, VOUT4, VcomH, VcomL,
C11+/-, C21+/-

1oV VLOUTL1, C21+/-, C22+/-
25V VLOUT2, VLOUT3
0.1 uF (B characteristic) 6V VOP, VON, V31P, V31N, TESTA4

Shot-key diode

Feature Connect pin

VF < 0.4V / 20mA at 25 centigrade, VR>=30V GND - VGL

(recommended diode : HSC226) (Vci— VGH)
(Vci — DDVDH)

Variableresistor

Feature Connect pin

> 200 kQ VcomR
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Instruction Setting Flow

Make a setting for each instruction according to the following sequence.

Display ON/OFF

Display off

EQ=0
|
Display off
GON =1
DTE =1
D1-0 =10
|
Wait (2 frames or more)
I
Display off
GON =1
DTE=0
D1-0 =10
I
Wait (2 frames or more)
I
Display off
GON =0
DTE=0
D1-0 = 00

Power supply off
SAP2-0 = “000”
AP2-0 = “000”
PON =“0"
VCOMG = *“0"

“Display off”

Display off flow

Display on

Power supply
setting

SAP2-0 Setting

Display on
GON =0
DTE=0
D1-0 =01

Wait (2 frames or more)

Display on
GON =1
DTE=0
D1-0 =01

Display on
GON =1
DTE=0
D1-0 =11

Wait (2 frames or more)

Display on
GON =1
DTE =1
D1-0 =11

“Display on”

Display -on flow
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Standby and Sleep

Standby Sleep
[ Display off flow ] Standby [ Display off low Jw
I set I Sleep set
| standby set (sTB="1") | J | Sleep set (SLP = 1) |
| Oscillation Start E
| s
Standb Sleep canceled (SLP =“0
| Wait 1Io ms pdvd | P ( ) Qeep
_J cancel

| Standby canceled (STB = “07) |

Power setting

—

—/

Display on low

[ Power setting

)

M

Display on flow
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Power Supply Setting

Whenever turning on the power supply, it must be done in accordance to the following procedure.

The stabilization time for the oscillation circuits, step-up circuits, and operational amplifiers depends on the

external resistors and capacitors.

Vci
Vee 10Vee

-
Power supply (Vec, Vi, IOVec) ON

GND

Vee(=RVee) = 10Vee = Vi or
Vee(=RVce), I0Vece, Vci Simultaneously

1ms or more

Power ON RESET

Bits for “Display OFF”
DTE="0", D1-0="00"

& Display OFF
v play PON="O"
10ms or more VCOMG="0"
Oscillation Circuit
Stabilization Time Bits for Initializing
7 ~, Power Supply Settings
Instructions for | /€20 bits setling
settings before VRH3-0 bits setting
driving VCM4-0 bits setting
Power Supply VDV4-0 bits setting
PON="0", DK="1"
(— ) Bits forsetting
Power Supply Operation Start
r°‘;"er tS upply BT2-0="000"
nstruction DC12-10 bits setting
issue (1) ) )
DC02-00 bits setting
\. ) AP2-0 bits setting

40ms or more

Step-up Circuit
Stabilization Time

Power Supply
Instruction

100ms or more issue (2)

Operational
Amplifier
Stabilization
Time Other mode settings
Instruction issue
v

Display ON
sequence

Display ON

PON="1"

Bits for setting

Power Supply Operation Start
VCOMG="1"

BT2-0 bits setting

DK="0"

SAP2-0 bit setting

Bits for “Display ON”
DTE="1", D1-0="11"
GON="1"

Display ON Sequence

Bits for “Display ON”
DTE ="1", D1-0="11"
GON ="1"

Normal Display

Display OFF
Sequence

Display OFF
Bits for setting
Power Supply Halt
POV\_/er supply SAP2-0="000"
setting AP2-0="000"
Instruction (2) PON="0"
VCOMG="0"

Power Supply (Vcc, Vci, IOVee) OFF
Vi

f 10Vee Vee

GND
Vei =9 |0Vec = Vec(=RVcc) or

Vcee(=RVee),I0Vee, Vei Simultaneously

Display OFF Sequence
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Pattern Diagram for Voltage Setting

The following figures are the pattern diagram of voltage setting for the HD66789 and the voltage
waveforms.

VLOUT2 VGH (+9 ~ +16.5V)
BT
VLOUT1 DDVDH (4.5 ~ 5.5V)

‘ > VREG10UT (3.0 ~ (DDVDH-0.5)V) |
vei(25-33v) ve Vit URH » VcomH (3.0 ~ (DDVDH-0.5)V) |
Vee (24~33V) = A
10Vce (1.8 ~ 3.3V) = vov

GND (0V/ }
X VeomL ((VCL+0.5) ~ 1V)
VCOMG
+ VLOUT4 VCL (0 ~ -3.3)V
BT

Y VLOUTS VGL (-4.0 ~ -16.5V)

Pattern diagram for voltage setting

Note 1) Voltage drop occurs in relation to set voltage for each DDVDH, VGH, VGL, VCL output depending
on current consumption required for each output. (DDVDH+VREG10OUT) > 0.5V and
(VcomL — VCL) > 0.5V show the relationship in relation to the actual voltage. When AC frequency of
Vcom1 and Vcom 2 is high (e.g. AC occurs by line), current consumption is also large. In this case,

check voltage before use.

VGH
VDH
- 1 x ] vcomH
Veom K VcomL
Sn(Source driver output of HD66789)
Gate Output VGL

Applied voltagetothe TFT display
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Oscillation Circuit

The HD66789 generates oscillation by internal R-C oscillator with an external oscillation resistor placed
between the OSC1 and OSC2 pins. The oscillation frequency varies depending on the value of external
resistor, the distance of wiring, and the power supply voltage for the oscillation. For example, the
oscillation frequency becomes low when increasing the value of Rf resistor, or lowering the power supply
voltage. See the “Electric Characteristics Notes” section for the relationship between the Rf resistor value
and the oscillation frequency.

—1 OSC1

RIS

L— o0sc2
HD66789

| OSC1

RIS

L———— 0sC2

x HD66789

External Resistor Oscillation M ode

Note 1) Place the Rf resistor as close as to the OSC1, OSC2 pins.

Note 2) Make sure not to arrange other wiring beneath or close to OSC1-OSC2 wiring to avoid effects from
coupling.
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n-raster-row Inversion AC Drive

The HD66789, in addition to LCD inversion AC drive by frame, supports n-raster-row inversion AC drive
where alternation occurs by n raster-rows, where n takes a number between 1 to 64. The n-raster-row
inversion AC drive enables to overcome the problems related to display quality.

In determining n (the value set in the NW hit +1), the number of raster-rows by which alternation occurs,
check the display quality on the actual liquid crystal panel. Setting a small number of raster-rows will raise
the AC frequency of theliquid crystal and increase the charge/discharge current on the liquid crystal cells..

1 frame 1 frame

< »l e
< <

Back porch Front porch [Back porch Front porch

1021314 41242 e 256 11 21 31 4 1. 2412420 ... o5d 1: 2

Frame AC driving
240-raster-row driving )

n-raster row driving
240-raster-row driving
3-raster-row reversed
EOR =1

—~
—_~
|

Note: Make sure that EOR is set to "1" whenever the n-raster-row reverse AC driving to avoid DC bias.

n-raster-rowsinversion AC drive
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Interlaced Drive

The HD66789 supports interlaced drive, which divides one frame into n fields and then drives to prevent
flickers.

To determine the number of fields (n: value set in the FLD hits), check the display quality on the actual
liquid crystal panel. The following table shows the gate selection for each number of fields, 1to 3. The
figureillustrates the output waveforms of the 3-field interlaced drive.

Gate selection

GS=0 Gs=1

FLD1-0 01 11 FLD1-0 01 11

Field - 1 2 3 Field - 1 2 3

Gate Gate

Gl o] o G240 o o]

G2 o] o G239 o o]

G3 o] o G238 o o]

G4 ¢} o G237 o (¢}

G5 o] o G236 o o]

G6 o] o G235 0} 0]

G7 o] o G234 o o]

G8 o] o G233 o o]

G9 ¢} e} G232 o e}
. . o o o . . o o o
. . o o o . . o o
. . o o o . . o o o

G237 (o] o G4 (o] o

G238 (0] o] G3 v (e] 0]

G239 (¢] o] G2 (o] ¢}

G240 (o] o Gl (e} o
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1 frame

A

Y.

Blank period

v
A A

>

+—> > > —>
Field 1 Field 2 Field 3 Field 1

AC
Polarity

1 1
G1

G2 I
G3
e 1 I
cs n

G6 |_|

G3n+1 E il
G3n +2
G3n+3

Gate output timing in 3-field interlaced drive
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AC Timing

The AC timings of frame inversion AC drive, 3-field interlaced drive, and n-raster-row inversion drive are
illustrated as follows. In case of frameinversion AC drive, alternation occurs at the completion of drawing
one frame, followed by a blank, which lasts for 16H periods. In this case, al outputs from the gate are
Vgoff outputs. In case of interlaced drive, alternation occurs at the completion of drawing one field,
followed by ablank. The total period of the blanks in one frame amounts to 16H period. In case of n-
raster-row, ablank lasting 16H period is inserted after drawing a full screen.

During interlaced drive, make the numbers of back and front porches more than that of field.

Frame inversion AC drive 3-field interlaced drive n-raster-row inversion AC drive
AC timing
AC timing Back porch
Back porch Field 1 )
AC timing e AC timing = n-raster-rows —|
Frame 1 AC timing n-raster-rows
3 Blankperiod 1 | — AC timing 7| neraster-rows §
(e}
.§ - Fiold 2 u:& AC timing n-raster-rows (Z-).
® iming imi n-raster-rows
g GE) AC timing g
o g > S AC timing n-raster-rows °
AC timing 2 Blankperiod2 | 2 Ac timing n-raster-rows | O
o o »
> Field 3 AC timing _ n-raster-rows
Front porch AC timing I
AC timing Front porch
~— L Blank period 3]
Blank period Blank period ?l?gh period
= front porch + back porch = Blank period 1 =
=16H + Blank period 2
+ Blank period 3
=8H
(BP=3, FP=5)
AC timing
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Frame-Frequency Adjustment Function

The HD66789 incorporates frame frequency adjustment function. The frame frequency during the liquid
crystal drive is adjusted by the instruction setting (DIV, RTN) while keeping the oscillation frequency fixed.

Setting the oscillation frequency high in advance allows switching the frame frequency in accordance to the
kind of displayed picture (i.e. moving/still picture). When displaying astill picture, set the frame frequency
low to save power consumption, while setting the frame frequency high when displaying a moving picture
which requires high-speed switching of screens.

Relationship between Liquid Crystal Drive Duty and Frame Frequency

The relationship between the liquid crystal drive duty and the frame frequency is calculated by the
following formula. The frame frequency is adjusted through the instruction setting with the 1-H period
adjustment bit (RTN bit) and the operation clock division bit (DIV hit).

(Formula for the frame frequency)

fosc
Frame frequency = [HZ]
Clock cycles per raster-row x divisionratio x (Line+BP+FP)

fosc: R-C oscillation frequency

Line: number of drive raster-rows (NL bit)

Clock cycles per raster-row: RTN bit

Division ratio: DIV bit

The number of raster-rows for the front porch: FP
The number of raster-rows for the back porch: BP

Calculation Example The maximum frame frequency = 60 Hz

Number of drive raster-rows: 240
1-H period: 16 clock cycles (RTN3-0 = 0000)
Operation clock division ratio: 1 division

fosc = 60 Hz x (0 + 16) clock x 1 division x (240 + 16) lines = 246 (kHz)

In this case, the R-C oscillation frequency becomes 246 kHz. Adjust the external resistor to the R-C
oscillator to 246 kHz.
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Screen -split Drive Function

The HD66789 alows selectively driving two screens at arbitrary positions with the screen-drive position
registers (R42 and R43). Only the raster-rows required to display two screens at arbitrary positions are
selectively driven to reduce power consumption.

Thefirst screen drive position register (R42) specifies the start line (SS17-10) and the end line (SE17-10)
for displaying the first screen. The second screen drive position register (R43) specifies the start line
(SS27-20) and the end line (SE27-20) for displaying the second screen. The second screen control is
effective when the SPT hit isset to 1. The total number of raster-rows driven for displaying the first and
second screens must be less than the number of liquid crystal drive raster-rows.

G1 L 1st Screen:
B Ran e 7 raster-row
G7 L H HHH HE, driving

HHH Non-display
HHH area

2nd Screen:
17 raster-row
driving

I~

\

Non-display
area

The number of driven raster-rows : NL4-0 = “11110” (240 raster-rows)
1st screen setting : $S17-10 = “00"H, SS17-10 = “06"H
2nd screen setting : SS27-20 = “19"H, S$S27-20 = “29"H, SPT = “1”

Screen-split Drive
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Notesto the setting of 1st/2nd screen drive position registers

When making settings for the start line (SS17-10) and end line (SE17-10) of the first screen drive position
register (R42), and the start line (SS27-20) and end line (SE27-20) of the second screen drive position
register (R43) with the HD66789, it is necessary to satisfy the following conditions to display screens
correctly.

One-screen Drive (SPT =0)

Register Settings Display Operation
(SE17-10) - (§S17-10) = NL Full screen display

The area of (SE17-10) - (SS17-10) is normally displayed.
(SE17-10) - (SS17-10) < NL Partial screen display

The area of (SE17-10) - (SS17-10) is normally displayed.
The rest of the area is white display irrespective of data in RAM.

(SE17-10) - (SS17-10) > NL Setting disabled

Note 1) SS17-10 < SE17-0 <“EF’H
Note 2) Setting disabled for SS27-20 and SE27-20.

Two-screen Drive (SPT =1)

Register Settings Display Operation
((SE17-10) - (SS17-10)) Full screen display
+ ((SE27-20) - (§S27-20)) = NL The area of (SE27-20) - (SS17-10) is normally displayed.
((SE17-10) - (SS17-10)) Partial screen display
+ ((SE27-20) - (S27-20)) < NL The area of (SE27-10) - (SS17-10) is normally displayed.

The rest of the area is white display irrespective of data in RAM.
((SE17-10) - (SS17-10)) Setting disabled

+ ((SE27-20) - (SS27-20)) > NL

Note 1) Make sure that SS17-10 < SE17-10 < SS27-20 < SE27-20 < EFH.
Note 2) Make sure that ((SE27-20) - (SS17-10)) < NL.

The setting for the driver output in the non-display area during the partial display is changeable according
to the characteristics of the display panel.

Sour ce outputsin non-display area

Source Output for Non-display Area

PT1 PTO Positive Polarity Negative Polarity

0 0 V31 VO

0 1 V3l VO

1 0 GND GND
1 1 High-Z High-Z
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| Full screen display |

| PT1-0 = 00 | 7]
| Set SS/SE bits | s
creen
l division drive
| Wait for 2 screen or more | w set up flow
l As required
PT1-0= 01 or
PT1-0 = 10 or
PT1-0 = 11
| Partial display ON |
| Set SS/SE bits | Full screen display
setting flow

¥

| Full screen display |

Partial display setting flow
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Absolute Maximum Values

Item Symbol Unit Value Notes
Power supply voltage (1) | Vcc \% -0.3~+4.6 1,2
Power supply voltage (2) | Vci- GND \% -0.3~+46 1,2
Power supply voltage (3) | DDVDH - GND | V -0.3~+6.0 1,2
Power supply voltage (4) | GND -VCL \% -0.3~+4.6 1,2
Power supply voltage (5) | DDVDH -VCL |V -0.3~+9.0 1
Power supply voltage (6) | VGH - GND \% -0.3~+18.5 1,2
Power supply voltage (7) | GND - VGL \% -0.3~+185 1,2
Input voltage Vit \Y, -0.3~Vec +0.3 1
Operating temperature Topr °C -40 ~ + 85 1,3
Storage temperature Tstg °C -55 ~+ 110 1

Note 1) The LSI may be permanently damaged if it is used under the condition exceeding the above
absolute maximum values. It is also recommended to use the LSI within the limit of its electric
characteristics during normal operation. Exceeding the conditions may lead to malfunction of LSI
and affect its credibility.

Note 2) The voltage from GND.

Note 3) The DC and AC characteristics of chip and wafer products are guaranteed at 85 °C.
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Electric Characteristics (T.B.D.)

DC Characteristics

(Ve =1.8t03.7V, Ta=—-40to +85°C Net)

Item Symbol Unit Test Condition Min Typ Max Notes
Input high voltage \Y, Vec=1.8t03.7V 0.7 Vee — Vee 2,3
Input low voltage (1) \% Vec=1.8t03.7V -0.3 — 0.15Vcec 2, 3
(OSC1 pin)
Input low voltage (2) \Y, Vce=1.8V to 2.4V -0.3 — 0.15vec 2,3
(Except OSC1 pin) c

Vce=2.4V to 3.7V -0.3 — 0.2Vcc 2,3
Output high voltage (1) \% lon =-0.1 mA 0.75Vce — — 2
(DBO0-17 pins)
Output low voltage (1) Vec=1.8t024V, — — 0.2 Vee 2
(DBO-17 pins) Vv lo. = 0.1 mA

VCC=241t03.7V, — — 0.15Vcc 2

lo. =0.1 mA
I/O leakage current i MA  Vin=0to Vcc -1 — 1 4
Current consumption MA  R-C oscillation; fosc = — 190 300 5,6
during normal operation 250kHz (240line)
(Vcc - GND) Vcc =3.0 V,

Ta = 25°C, RAM data
Current consumption 0.1 5
during standby mode
(Vec — GND) - 2 5
Liquid Crystal Power MA  Vce=3V, VLCD=5.5V, — 500 650 5,6
Current VDH=5.0V, CR
(DDVDH-GND) Oscillation; _

fosc=250kHz(240line),

Ta=25°C,

RAMdata:0000h,

REV="0", SAP="001",

VRN4-0="0", PKP52-

00="0", PRP12-00="0",

VRN4-0=VRP4-0="0"

PKP52-00="0", PRP12-

00="0"
Liquid Crystal Drive \% — 4.5 — 5.5 —
Voltage(DDVDH-GND)
Output Voltage mv — — 5 — 7
deviation
Variation of average mv — — — 35 8

output voltage
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AC Characteristics
(Vcc=1.7t03.7V, Ta=-40to +85°C Notel)

Clock Characteristics (Vcc = 1.8t03.7V)

Item Symbol Unit Test Condition Min Typ Max Notes
External clock fcp kHz VCC=18t03.3V 100 270 600 9
frequency
External clock duty Dul 50 55 9
ratio
External clock rise time  trc — 0.2 9
External clock fall time  tfcp — 0.2 9
R-C oscillation clock fosC kHz Rf= TBDVCC =3V 244 305 366 10
80-system Bus I nterface Timing Characteristics
Normal Write Mode (HWM=0) (Vcc=1.8t02.4V)
Item Symbol  Unit Test Condition  Min  Typ Max
Bus cycle time Write tevew ns Figure 2 600 — —
Read fcyer ns Figure 2 800 — —
Write low-level pulse width PW_w ns Figure 2 90 — —
Read low-level pulse width PW r ns Figure 2 350 — —
Write high-level pulse width PWhw ns Figure 2 300 — —
Read high-level pulse width PWhr ns Figure 2 400 — —
Write/Read rise/fall time twrr, wrf NS Figure 2 — — 25
Setup time Write (RS to 0 — —
Read (RS to CS*gRD*) 10 — —
Address hold time 5 — —
VLD setup time 60 — —
VLD hold time tvh ns Figure 2 15 — —
Write data set up time tosw ns Figure 2 60 — —
Write data hold time ty ns Figure 2 15 — —
Read data delay time topr ns Figure 2 — — 200
Read data hold time toHr ns Figure 2 5 — —

Rev.0.12, May 09 2003, page 142 of 156
RENESAS



HD66789 Preliminary

High-Speed Write Mode (HWM=1) (Vcc=1.8t024V)

Item Symbol Unit Test Condition  Min Typ Max

Bus cycle time Write tevew ns Figure 2 200 — —
Read tever ns Figure 2 800 — —

Write low-level pulse width PW_w ns Figure 2 90 — —
Read low-level pulse width PW.r ns Figure 2 350 — —
Write high-level pulse width PWhw ns Figure 2 90 — —
Read high-level pulse width PWhr ns Figure 2 400 — —
Write/Read rise/fall time twrr, wrt NS Figure 2 — — 25
Write (RS to CS*, WR*) . 0 — —

Set up time

Read (RS to 10 — —
Address hold time 5 — —
VLD setup time 60 — —
VLD hold time 15 — —
Write data set up time tosw ns Figure 2 60 — —
Write data hold time th ns Figure 2 15 — —
Read data delay time toor ns Figure 2 — — 200
Read data hold time toHr ns Figure 2 5 — —
Normal Write Mode (HWM=0) : Vcc=24t03.7V
Item Symbol Unit  Test Condition Min Typ Max
Bus cycle time Write tevew ns Figure 2 250 — —
Read tcyer ns Figure 2 500 — —
Write low-level pulse width PWyw ns Figure 2 40 — —
Read low-level pulse width PWr ns Figure 2 250 — —
Write high-level pulse width PWhw ns Figure 2 70 — —
Read high-level pulse wi ns e 2 200 — —
Write/Read rise/fall time ns p 2 — — 25
Set up time Write (RS to gb™, WS nll e 2m 0 _ _
Read (RS to CS*, W 10 — —
Address hold time tan ns Figure 2 2 — —
VLD set up time tvs ns Figure 2 25 — —
VLD hold time tvn ns Figure 2 2 — —
Write data setup time tosw ns Figure 2 25 — —
Write data hold time th ns Figure 2 2 — —
Read data delay time toor ns Figure 2 — — 200
Read data hold time toHR ns Figure 2 5 — —
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High-Speed Write Mode (HWM=1) : Vcc=2.4t03.7V

Item Symbol  Unit Test Condition Min  Typ Max
Bus cycle time write fovew ns Figure 2 100 _ _
Read tever 500 — —
Write low-level pulse width PW ns Figure 2 40 — —
Read low-level pulse width PWr ns Figure 2 250 — —
Write high -level pulse width PWhw ns Figure 2 40 — —
Read high -level pulse width Whir oo 200 — —
Write/Read rise/fall time twrr, WRf — — —
Write (RS to CS*, 0 — 25

Set up time WR¥) t wrIlWRf [ |
Read (RS to CS*, RD*) 10 — —
Address hold time tan ns Figure 2 2 — —
VLD set-up time tvs ns Figure 2 25 — —
VLD hold time tvn ns Figure 2 2 — —
Write data set up time tosw ns Figure 2 25 — —
Write data hold time th ns Figure 2 2 — —
Read data delay time toor ns Figure 2 — — 200
Read data hold time toHR ns Figure 2 5 — —
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Clock Synchronized Serial Interface Timing Characteristics
Vcc=18to24V

Item Symbol Unit  Test Condition Min  Typ Max
Write .
(received) tscye us Flgure 3 0.1 — 20
Serial clock cycle time Read
(transmitted tscyc  US Figure 3 0.5 — 20
)
(re\é\gi'\t/i d) tscH ns Figure 3 40 — —
Serial clock high-level pulse Read
width =2
230 —_ —
40 —_ —
Serial clock low-level pulse
width . .
(transmitted  tscL ns Figure 3 230 —_ —
)
Serial clock rise/fall time tecr.tscf NS Figure 3 — — 20
Chip select set up time tesu ns Figure 3 20 —_ —
Chip select hold time ten ns Figure 3 60 — —
Serial input data set up time tsisu ns Figure 3 30 — —
Serial input data hold time tsin ns Figure 3 30 — —
Serial input data delay time tsop ns Figure 3 — — 200
Serial input data hold time tson ns Figure 3 5 — —
Vce=24t03.3V
. Test .
Item Symbol Unit Condition Min Typ Max
Write tscve us Figure 3 0.1 — 20
. . (receive))
Sefial clock cycle time Read  fscc Us  Figure3 035 — 20
(send)
Write tsch ns Figure 3 40 — —
Serial clock high-level pulse (receive)
width 150 — —
40 — —
Serial clock low-level pulse
width 150 — —
Serial clock rise/fall time tser, scf ns Figure 3 — — 20
Chip select set up time tesu ns Figure 3 20 — —
Chip select hold time ten ns Figure 3 60 — —
Serial input data set up time tsisu ns Figure 3 30 — —
Serial input data hold time tsin ns Figure 3 30 — —
Serial output data delay time tsop ns Figure 3 — — 130

Serial output data hold time tson ns Figure 3 5 — —
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Reset Timing Characteristics (Vcc =1.8t03.7V)

Item Symbol Unit Test Min Typ Max
Condition

Reset low-level width RES Figure — —

Reset rise time tRES Figure — 10
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RGB interfacetiming characteristics
18/16 bit RGB interface (HWM =1), Vcc = 1.8V to 2.4V
. Test .
Item Symbol Unit Condition min. typ. max.
VSYNC/HSYNC Set up time tSYNCS clock Figure 5 0 — 1
ENABLE Set up time tENS ns Figure 5 20 — —
ENABLE Hold time tENH ns Figure 5 80 — —
VLD Set up time tVLS ns Figure 5 20 — —
VLD Hold time tVL ns Figure 5 80 — —
DOTCLK qu Level pulse PW ns gure 5 20 o o
width
DOTCLK ngh Level puls By .13 FigL& 5 90 L L
width
DOTCLK cycle time tCYCD ns Figure 5 200 — —
Data Set up time tPDS ns Figure 5 20 — —
Data Hole time tPDH ns Figure 5 80 — —
DOT(.:LK’ VSYN.C’ H.SYNC trgbr, trgbf ns Figure 5 — — 25
rising and falling time
18/16 bit RGB interface (HWM =1), Vcc =24V to 3.7V
. Test .
Item Symbol Unit Condition min. typ. max.
VSYNC/HSYNC Set up time tSYNCS clock Figure 5 0 — 1
ENABLE Set up time tENS ns Figure 5 10 — —
ENABLE Hold time tENH ns Figure 5 20 — —
VLD Set up time tVLS ns Figure 5 10 — —
VLD Hold time tVLH ns igure 5 40 — —
DOTCLK “Low” Level pulse PWD ns rlies 40 L L
width
DOTCLK “High” Level pulse FMID |! Figuras 40 o o
width
DOTCLK cycle time tCYCD ns Figure 5 100 — —
Data Set up time tPDS ns Figure 5 10 — —
Data Hole time tPDH ns Figure 5 40 — —
DOTCLK, VSYNC, HSYNC .
rising and falling time trgbr, trgbf ns Figure 5 - - 25
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6 bit RGB interface (HWM =1),Vcc=18Vto24V
Item Symbol Unit Test min typ max
Condition ) ) )
VSYNC/HSYNC Set up time tSYNCS clock Figure 5 0 — 1
ENABLE Set up time tENS ns Figure 5 20 — —
ENABLE Hold time tENH ns Figure 5 50 — —
VLD Set up time tVLS ns Figure 5 20 — —
VLD Hold time tVLH R 5 65 — —
DOTCLK “qu" Level pulse PWDL 50 L L
width
DOTCLK ngh Level pulse PWDH ns Figure 5 50 L L
width
DOTCLK cycle time tCYCD ns Figure 5 120 — —
Data Set up time tPDS ns Figure 5 20 — —
Data Hold time tPDH ns Figure 5 65 — —
DOTC.:LK’ VSYN.C’ H.SYNC trgbr, trgbf ns Figure 5 — — 25
rising and falling time
6 bit RGB interface (HWM =1), Vcc=2.4V to 3.3V
. Test .
Item Symbol Unit Condition min. typ. max.
VSYNC/HSYNC Set up time tSYNCS clock Figure 5 0 — 1
ENABLE Set up time tENS ns Figure 5 10 — —
ENABLE Hold time tENH ns Figure 5 20 — —
VLD Set up time tVLS ns Figure 5 10 — —
Vce=2,4 to2,7V tVLH ns Figure 5 40 — —
VLD Hold time Vee=2,7 to H 20
3,7V - -
DOTCLK “Low” Level pulse PWDL 30 . .
width
DOTCLK “ngh" Level pulse PWDH ns Figure 5 30 L L
width
DOTCLK cycle time tCYCD ns Figure 5 70 — —
Data Set up time tPDS ns Figure 5 10 — —
Vce=2,4 to .
27V tPDH ns Figure 5 40 — —
Data Hole time
Vce=2,7 to .
37V tPDH ns Figure 5 30 — —
DOTCLK, VSYNC, HSYNC trgbr, trgbf ns Figure 5 — — 25

rising and falling time
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Liquid crystal driver output characteristics

Iltem

Symbol

Unit

Test conditions

min. typ. max.

Note

Driver output
delay time

tdd

us

Vce=3V, VLCD=5.5V, VDH=5.0V,

CR oscillation ;fosc=270kHz(240 lines),
Ta=25 REV="0", SAP="001",
VRN4-0="0",VRP4-0="0"
PKP52-00="0",PRP12-00="0"
PKP52-00="0",PRP12-00="0"

All pins changes at the same time from same
grayscale. The time till output level reaches
—35mV when VCOM polarity changes.
Load resistance R=10kQ

Loa - 20pF

Electrical Characteristics Notes

— 40 — (11)

1.  For baredie and wafer products, specified up to 85°C

2. Thefollowing threecircuitsare | pin, I/O pin, O pin configurations.

Pins: RESET*, CS*, E/WR, RW/RD, RS,

OSC1, OPOFF, IM2-1, IMO/ID,TEST

Vce
,_{ @ PMOS

L{ r
ri NMOS
GND

Pins: DB15 -DB2,

DB1/SDO0, DBO/

1

Vce

i

(Input circuit)

H@

f
L‘ NMOS
cc (Tri-state output circuit)

NMOSIfI

&

¢ Output enable
< Output data

3. TheTEST pin must be grounded and the IM2/1 and IMO/ID pins must be grounded or connected to

Vcc.

4. Thisappliesto the resistor value (RSEG) between VSH, GND pins and segment signal pins.
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5. Thisexcludes the current flowing through output drive MOSs. This excludes the current flowing
through the input/output units. The input level must be fixed high or low because through current
increases if the CMOS input is |eft floating. Evenif the CSpinislow or high when an access with the
interface pin is not performed, current consumption does not change.

6. Thefollowing figure shows the relationship between the operation frequency and current consumption.

Vce = 3V
Vce = 3V, DDVDH = 5,5V
T
o 600 typ. ’
& 400 typ.—
ol (] ]
200 [~ 3>

0 : 0

100 200 300 400 500 600 40 45 50

R-C, oscillation frequencies: fosc (kHz) VDH (V)

7. Thisisavoltage difference for the neighboring outputs under the same display condition. The output
voltage deviation is areference value.

8. Thefluctuation of average ofiput voltage ‘ ifflirence OQaverage output voltage between
chips. The average output v@itage is an g i b under the same display
condition. - -

9. Appliesto the external clock input (figure).

2kQ -
Oscillat
W— 0%, H'H Duty = —— 1009
o 0.3Vee [ sl
pen 0SsC2 ;

trep ticp

10. Appliesto the internal oscillator operations using external oscillation resistor Rf (figure and table).
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OSC1 !
Rfé u q rl1 for 051 OSC2 pins.
L— osc2 Place OSC1 and OSC2 close to each other.

External Resistance Value and R-C Oscillation Frequency (Referential Data)

Rigitstrgr?(lze R-C Oscillation Frequency: fosc
(Rf) xcc =18 Vyec=2V  Vec=24V Vec=3V  Vec=33V
110 kQ 299 333 372 401 411
150 kQ 234 258 284 305 311
180 kQ 243 258 263
200 kQ 222 235 240
240 kQ 18 198 202
270 kQ w6 1 181
300 kQ 153 161 163
390 kQ 106 113 121 126 128
430 kQ 97 104 110 115 116

11. Appliesto the internal oscillator operations using external oscillation resistor Rf (figure and table).

Reference data

@
870 Vee =3V, VLCD = 5.5V, VDH = 5.0V,

" 60 R-C Os illation; fosc = 270kHz (240line),

2 de, REV ="0", SAP ="001",

'«‘% 50 — P4-0 = "0",

540 >~ RP12-00 ="0",

330 RN12-00 ="0",

3 20 _~ he e time from same grayscale.

2 10 - il The time tll output Iemeaches +/-35mV when VCOM polarity changes.
§ Load resistance R = 10kQ/pin

- 10 20 30

Load CapacityC(pF)
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Load circuitsfor measuring AC characteristics

AC characteristic measuring loa g load circuit

Data bus : DB17-DBO,

Test Point

Lord
50pF Resistance R Lord
_T_ 10kQ Capacity C
= — 20pF

80-system Bus Operation

VIH VIH
RS
VIL VIL

tAS tAH
[ €—>
o \_
te 1)
LR%' P , PWHR
WR* VIH VIH
|
RD*
tWRr- tWRf

tCYCW, tCYCR —1€—

[ €—tDSW P [ &€—tHWR >

W R/

tDDR

€<—>>

tDHR

DBO F VOH1 VOH1
Read data
to DB VOL1 VOL1

Note 1) PWLW and PWLR is specified in the overlapped period when CS* is low and WR* or RD* is low.

Note 2) Parallel data transfer is enabled on the DB15-8 pins when the 8-bit bus interface is used. Fix the
DB7-0 pins to Vcc or GND.

Rev.0.12, May 09 2003, page 152 of 156
RENESAS



HD66789 Preliminary

Clock Synchronized Serial Interface Operation

Start: S End: P

cs* = VIH
VIL X

SCL

SDI VIH VIH
VIL Input data VILK Input data y

|
tSOD tSOH

SDO
VOH1Ot t dat: Out tdtVOH1
voLq Output data utputdata |

RESET Operation

RESET*

T B.D=

VIL
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RGB I/F Operation

trgbf — tSYNCS
vsync  trgbf < >
HSYNC VIH‘X—VIH
VIL /=VIL
tENH
ENABLE VIH
VIL VI
L V
trgbf | |
P e PWDL
E——
DOTCLK VIH
VIL VIL VIL
tPDS tPDH
VIH VIH VIH =}/ VIH
PD17-0 Write Data ><:
VIL VIL VIL A\=ViIL
Liquid crystal Driver Output
VCOM X
yscale viillage—

$1-528

Certain grayscale voltage
+/-35mV
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RenesaSTeChnC)IOgy Corp. Sales Strategic Planning Div. Nippon Bldg., 2-6-2, Ohte-machi, Chiyoda-ku, Tokyo 100-0004, Japan

Keep safety first in your circuit designs!

1. Renesas Technology Corporation puts the maximum effort into making semiconductor products better and more reliable, but there is always the possibility that trouble may occur with
them. Trouble with semiconductors may lead to personal injury, fire or property damage.
Remember to give due consideration to safety when making your circuit designs, with appropriate measures such as (i) placement of substitutive, auxiliary circuits, (i) use of
nonflammable material or (iii) prevention against any malfunction or mishap.

Notes regarding these materials

. These materials are intended as a reference to assist our customers in the selection of the Renesas Technology Corporation product best suited to the customer's application; they
do not convey any license under any intellectual property rights, or any other rights, belonging to Renesas Technology Corporation or a third party.

. Renesas Technology Corporation assumes no responsibility for any damage, or infringement of any third-party's rights, originating in the use of any product data, diagrams, charts,
programs, algorithms, or circuit application examples contained in these materials.

-

N

3. All information contained in these materials, including product data, diagrams, charts, programs and algorithms represents information on products at the time of publication of these
materials, and are subject to change by Renesas Technology Corporation without notice due to product improvements or other reasons. It is therefore recommended that customers
contact Renesas Technology Corporation or an authorized Renesas Technology Corporation product distributor for the latest product information before purchasing a product listed
herein.

The information described here may contain technical inaccuracies or typographical errors.

Renesas Technology Corporation assumes no responsibility for any damage, liability, or other loss rising from these inaccuracies or errors.

Please also pay attention to information published by Renesas Technology Corporation by various means, including the Renesas Technology Corporation Semiconductor home page
(http://www.renesas.com).

4. When using any or all of the information contained in these materials, including product data, diagrams, charts, programs, and algorithms, please be sure to evaluate all information
as a total system before making a final decision on the applicability of the information and products. Renesas Technology Corporation assumes no responsibility for any damage,
liability or other loss resulting from the information contained herein.

5. Renesas Technology Corporation semiconductors are not designed or manufactured for use in a device or system that is used under circumstances in which human life is potentially
at stake. Please contact Renesas Technology Corporation or an authorized Renesas Technology Corporation product distributor when considering the use of a product contained
herein for any specific purposes, such as apparatus or systems for transportation, vehicular, medical, aerospace, nuclear, or undersea repeater use.

6. The prior written approval of Renesas Technology Corporation is necessary to reprint or reproduce in whole or in part these materials.

7. If these products or technologies are subject to the Japanese export control restrictions, they must be exported under a license from the Japanese government and cannot be
imported into a country other than the approved destination.

Any diversion or reexport contrary to the export control laws and regulations of Japan and/or the country of destination is prohibited.

8. Please contact Renesas Technology Corporation for further details on these materials or the products contained therein.
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